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TiiVg  paper  was  prepared  while  under  contract  to  tha  Logistic.'.  Braneh,  Office  of 
Naval  Jeac.»reh.  The  object  of  the  paper  is  to  point  out  from  a  research  per¬ 
spective  sosifi  of  the  more  important  relationships  that  affnct  machine  parameters, 
for  data  processing  and  for  dec!  sion-making  computations  Certain  desirable 
sschins  features  for  data  processing  progentnd. 


t,  Introduction 

In  a  previous  paper  fll.  the  preliminary  design  of  an  nuVanatir  dat*  handling 
system  for  a  production  control  npWlicntion  was  presented  in  block  diagram  form, 
the  system  was  the  result  of  a  detail'd  rcs’.rch  *t.udy  at  a  3  mol  rr.amif a-turins 
plsntf  The  need  for  an  outonatir  «ysfra  v»s  d.-seri  hedj  it.  rests  largely  on  the 
fact  that  Hints  are  so  many  inrtlvt Juai  ardors  within  thn  production  nlaftt  at  one 
time  that  no  one  man  cob  comprehend  w;.ic’-  orders  arc  on  schedule,  behind  schedule. 
**vi  ahead  of  schedule.  Present  day  orcd-citon  control  systems  lajpaly  dweontral- 
ite  the  problem  |  while  a  work  able  system  rosultr,  th-re  is  -,n  -vident  loss  in 
efflCii  ncy.  It  is  believed  that  the  aso  of  fl  .ctvonic  dr ta  processing  svsUmn 
will  help  to  eontraliv’  the  production  control  function  and  at  the  same  time 
achieve  a  poster  off  let  mcy. 

If  there  is  one  ur.lt  in  the  proposed  electronic  system  that  Stands  out  in 
importance.  It  la  the  Electronic  Data  handling  Mnc.hlne  ( T-ti'IV ) ,  ft  is  this  machine 

similar  in  design  to  urasont  day  electronic  d :  -;i.  t  .tl  com  put  :rs,  that  must  take  over 
the  majority  of  routine  data  processing  opirntic-m,  that  *>r>-  hoine  don?  by  darks 
in  present  day  systems.  Another  unit,  the  Electronic  Scheduling  Machine,  .also 
plays  a  most  important,  role  in  th'  s»  by  providing  information  that,  is  im¬ 

practical  to  obtain  under  today's  methods,  but-  this  wit  d -pends  ter  it*-  opera¬ 
tion  upon  previous  data  processing  by  the  EP1IM,  It  is  frit,  therefore.  that  the 
5DW  Is  Hie  basic  machine  around  which  the  systen  will  be  built  and  is  the  unit 
that,  irs  :rvo*  Initial  datt.i’cd  consideration. 

An  mposltnry  account  of  the  proposed  production  control  system  was  given  in 
til.  From  '.his  account.  the  major  functions  that  th-  FT)!!M  would  be  jy  nee  tod  to 
perform  have  been  extracted  and  arc  listed  ir  Tr’.-lc  1,  The  1*  functions  are 
classified  in  two  ways:  by  th  tvpe  of  nrithm.rtie  ;r  bo*'-! cl  eporatien  which 
the  machine  must  make,  *nei  by  the  syst  em  if  access  t  e>  ;merv.  Aeeo.cs  to  memory 
has  b\;n  brok-n  down  into  two  classes,  sequential  (or  9"'stn»i/»tic3  end  rerdem. 
l-ocaus-  of  the  limitations  of  the  mr .untie  top?  units.  t>?  -uior  nears  of  ’  nlk 
inf nm •'t.l «n  .storage.  It  will  be  *K.en  t ' t  th..  -lees  of  opurati  rmr  » evert  r" 
r.oat  functions  ir  this  svet-r  in  tie-  p astir.;  np. -ration  with  *eOu.nt  1  >1  access  to 
r.-.m.-rv,  with  -.f  the  IB  functions.  VostJLnr.  with  random  .accent  to  "iirary  accounts 
far  2  -or  f«irn*i«?ns.  so  t-hat  the  pasting  function  can  he  exported  to  exert  a 
’.are.,  -r.flutnc.’  m  ’h  choice  of  a  chti.c  for  -his  nyrt.'m. 

A  complet  i  nrn'.ycj  e  of  »  aeM  n  r  -oti'  r.n-  rd-  for  l1  1°  functi  ana  i  -  be  vend 
th  :  •■•ape  ef  +v-)s  ,.  r  r,  cr«i  *  r -r-‘  •  r.-s  •  ''ir.  it  <  •«•  ?ir--l  t-1  e-int 
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sons  of  the  wore  impo-tent  relationships  that  affnct  machine  parameter*.  and  to 
tills  and  only  one  function  will  to  chosen  for  analysis,  However.  thn  s«mn  method 
of  attack  could  he  used  In  snnlyatnp  tha  remaining  functi  one.  The  function  choem 
is  "Posting  Peqnir'ments. "  As  esn  be  seen  from  Table  I,  this  function  represent* 
the  large  class  of  ".S.>qu*ntial  Postlni"  operations.  Also,  )i  h»s  boon  ohosen 

v_  »  t  i.  t  _  it.  t _ j. i.1  _  _  ivi  _  -*i  —  ^  _  a.  i _  _..u.  

undat'O'a  i  U  j.  3  ui't  lead'  x«mv*fivt  t»j.  t/ii'.  o  ».  inna  'a  a'ti  r.lti'm,  i  >  >.iuu  cn  i;uir.u- 

tionel  transfer*  try  the  machine,  hes  longer  unit  r-card:;.  and  covr-ra  a  lor  per 
volute  of  daily  operations  than  th-;  ether  nesting  functions. 

While  tills  pa, per  has  bo..n  written  with  both  pot-ntlal  us  -rs  and  producers  of 
this  equipment  in  mind,  a  small  knowledge  of  electronic  computers  has  been  nssimod 
For  example,  suci,  terms  as  "command."  "three  «>idr>;*8. ■  and  "extract",  hove  not. 
been  dceoribod  or  defined,  since  Uit.y  era  widely  used  in  the  vocabulary  of  elec¬ 
tronic  computers.  Ponders  not  familinr  with  till*  voeabulnrly  are  referred  to  f?l, 
Thl*  next  section  of  this  paper  will  dial  with  syst-m*  considerations  that 
affect,  the  EDUMj  that  is,  what  type  of  data  handling  has  been  proion ad,  and  ronsor 
for  thr,  choices,  Following  this,  will  bo  p  siction  devoted  to  a  li  ecus  si  or;  of  som< 
desirable  features,  from  r.  data  processing  noint  of  vi  -w,  and  th-wi  a  section  deal¬ 
ing  with  n  few  considerations  of  computing  rtquir -menta  for  thr.  F’ll’V,  The  last 
section  in  concerned  with  some  exp-eebd  future  lmprsva.morts  in  electronic  d»ta 
handling  techniques. 

XX,  Syattm  Consideration.- 

At  the  plant  studied,  order*  rrn  received  each  da>  from  customers  l‘cr  fin.il 
aesambU.es  and  spare  ports  mode  by  the  plant.  The  production  is  ap  the  lob  sh'-p 
variety]  tn.ot  is,  it  is  to  customer  order,  rather  <ban  t.r,  inventory  (as  in  the 
nanuf acturc  of  stoves.  TV  sets,  and  sn  on',  A  barm  v.ariet—  af  nrodorts  is 
possible,  and  only  thos<  are  produced  for  w'rV.h  customer  uriors  arc  received— and 
for  thn  quantity  specified  by  the  oust-wasr  -.Horn.  Thus  wh.r  on  order  is  received 
for  a  final  assembly,  thi  Parts  list.  (PiiJ  of  Material )  for  that  asmafcly  nust  bo 
"exploded"  to  detormin.;  wh't  component  parts  arc  iicaded.  when  thev  are  needed.  ar»l 
in  what  quantity.  A  separate  record  is  naintained  for  all  component  parts  mad  the 
new  roquiremerts  arc  posted  to  those  rr-entds  each  dry.  It  ip  this  •ip'ir  ition  ya  i  c’ 

J.O  ‘rfii'.itJM  n  ** 

In  the  nropo3ed  system,  described  in  ill.  the  program  that  the-  rT)HM  v-ald 
f  jllow  in  posting  the  cntriS3  mlcht  h-:i 

a)  Road  one  pinched  card  irde  "ahir.:.  /riving  the  quantity  and  ■"•ate  inf  r- 
-etion  for  r.no  customer  ■rear  f.-r  one  r  np- rent  part,  nun',  r.  Also  on 


the  card  would  be  the  part  number  and  \\ape  address  number. 

b)  Search  magnetic  tape  for  the  adit  ess  indicated.  When  found,  read  whole 
record  for  this  fart  m*ber  into  toe  machine.  This  record  eonstnta  of 
the  total  requirements  ty  «wv>t*>  f<v  this  pert,  for  »  number  of  months 
into  the  future, 

c)  Add  (or  subtract,  in  cniie  of  cancellations)  the  new  quantities  f™  the 
card  to  the  old  quantiti  es  frtn  the  tape.  Machin-i  must  cheek  to  see 
that  the  entries  are  made  to  th.j  proper  months. 

d)  Whan  all  entries  haws  been  made,  record  the  new  data  on  oho  magnetic 
tape  in  place  of  the  old, 

e)  Read  the  next  card  Into  the  aaolrinn. 

t)  Continue  until  all  cards  ha  ora  DOSii  i  'J  v ■.*  uni  posted. 

It  will  be  noticed  that  this  operation  is  similar  to  that  of  filing- -insertin' 
%  few  records  into  the  appropriate  places  in  a  larger  set  of  records.  It  diffW* 
tram  a  "oaridninf"  oparati  on.  such  as  payroll,  where  the  two  sets  of  records  are 
at  tha  same  else  and  ana  set  ie  transcribed  onto  the  other — such  hr  entering  the 
l— l*r  of  hour*  worked  into  eeeh  employee:*  account.  Also,  it  differs  from  an 
"enalyais"  operation  where  a  large  sat  of  records  is  condensed  into  a  few  reports. 

Important  parte  of  the  prjjprss  hare  basn  omitted  for  the  sake  of  simplicity; 
fqr  e*e*»nie.  the  maeklM  Bust  be  instructed  as  to  wn.it.  to  do  if  an  error  in  pc-t 
noWbere  1*  detected,  wbet  month  to  begin  posting  ^nd  when  to  atop  posting. 

Several  important  principles  are  evident  frees  iMs  simple  progress 

1)  the  aachins  is  expeeted  to  procaas  ono  unit  r-.word  at  a  time. 

Xi  The  length  of  tbs  unit  record  depends  on  the  number  of  months  its  the 
future  for  which  it  is  desired  to  Veep  a  record,  which  would  rerr  irtv> 
company  to  ncsspeny  end  even  tiw<;  to  time.  Xt  is  nissu  that  periodically, 
obsolete  totals  can  bo  dropped  and  now  months  added. 

3)  ’  It  ia  likely  that  the  tspu  addresses  desired  will  not  be  adjacent  on  the 
magnetic  taper  and  that  the  tape  urdi  will  ;«vj  to  soeroh  for  ths  proper 
address  ea  :h  tdwu, 

U)  UUasc  reading  a  sstiLt  record  from  the  magnetic  tape,  the  tape  unit  must 
have  the  ability  to  buck  up  again  to  the  beginning  of  the  block  am  then 
trite  thr?  rt“  r^tnnrA  on  toe  of  tho  old  one  when  so  Instructed.  (Ar. 
altarnativs  method  ia  described  Inter  in  tha  paper.) 

£)  1 1  tM9  teg*  unit*  arc  used,  with  the  pert  numbers  divided  between  thaas 

to  access  ti»e,  then  provision  muet  be  made  for  /storing  dal*  from 

two  cards  within  the  machine. 


-  6  - 


6)  Rapidity  of  block  location  dctorainsii1  tho  operating  spoed  of  the  .myjtem. 
ao  that  tJwro  nhould  be  a  good  balance  In  spend  between  computing  soeed 
axtirnal  acooc/i  tisc. 

7)  The  sIm  of  tho  intariiai  mssory  vf  tho  JX>HK  need  not  ba  largo  for  thla 
cpwrittiori)  alnua  tho  data  can  be  processed  from  an  ■'nput  buffer  register 
tb  tho  arithmetic  unit  to  nn  output  buffer'  rogisterf  without  goinv'lntb'  1 
tho  internal  memory.  Also,  the  stored  program  for  this  oporation  would 
net  dm  many  internal  memory  positiona. 

While  almost  any  general  purposj  computer  with  magnetic  tape  unltn  can  bo 
programmed  to  perform  those  operations,  none  of  tho  existing  or  announced  mathema¬ 
tical  machines  appear  to  meet  all  of  tho  requirements  well,  Some  of  tho  limita¬ 
tions  of  present  day  mat.hlnos  will  bo  mentioned  from  time  to  time  in  the  paper. 

The  program  for  porting  this  card  data  to  magnetic  tape  would  require  about  )jr 
to  50  program  stupa,  using  a  three  address  machine.  and  depending  upon  tho  particu¬ 
lar  orders  available  in  the  machine,  Tho  proposed  in  Fll  was  a  magnetic  An*, 
machine,  for  economy  and  other  rosaona  which  will  become  apparent.  With  auch  a 
machine,  a  50  step  pregrm  would  require  from  1/2  to  '/l<  of  a  second,  again  depend¬ 
ing  r.pon  tho  particular  design  of  the  machine  (availability  of  quiok  socoss  bands, 
far  example,  etc.}.  A  good  balance  of  spoed  trould  result  if  two  tape  unit*  wero 
used,  searching  alternately,  with  average  external  access  timo  such  that  the  compuJ 
ing  wdt  Is  kept  busy  scat  of  tho  time,  Thna  tho  average  tape  access  timo  should 
be  In  the  order  of  1/2  t-o  3 A  of  a  second. 

At  first,  tfila  rapid  access  requirement  on  the  tape  units  locks  like  an  impos¬ 
ing  obstacle  to  the  system.  Many  present  day  tape  units  use  tapes  about  loOO  feet 

1  >Kn«  avil  MM  *V  M  A - A  M—  »  id  A  _  r>/\  - -  ... - J  »•  J  .  f  AM  /  « 

- —  —  -  MM  W>  ^  <-  w  /  -  M,,w  iww  yva  WWP  u'lri,  v'UAiifg  ' «  \J\S  /  Cl'i  U 1  OpCW 

it  will  be  seen  that  it  take  a  about  200  seconds  (or  3.1  minutes'!  for  the  t..«po  to 
ba  sosrchsd  fi'ca  ono  end  to  the  othor.  If  tho  scorching  is  rnndofii,  on  the  average 
it  can  bo  expected  that  only  1/2  this  amount  of  time  would  be  nocossary,  or  1,6* 
minutes.  This  figure  is  a  far  cry  from  the  necessary  1/2  or  3/n  of  a  second. 

Recover,  tho  picture  is  not  quite  ao  dark  as  it  first  nope  era.  In  the  company 
studied,  it  was  estimatsd  that  postings  to  about  100O  p?rt  numbers  worn  required 
each  day,  on  tho  average .  Thare  i*  a  total  of  about.  7^00  active  part  numbers.  Tf 
the  pwvjhed  cards  representing  tho  input  information  (see  rll,  page  those  are 
rail  or  hater’ aa  cards  i  are  sorted  into  ascending  part  number  sequence,  tb:,-.  the 
posting  operation  is  greatly  apeoded  up.  Under  those  conditions,  the  tape  unit 
MUSv  Sv-Jieu  uouLy  (  1  ft.  Diocks,  on  the  average,  bur oi'o  the  neri  pert  number  is 
fetBid. 


To  estimate  Marching  tiuo  ttadar  thaea  conditions  the  »»*  taps  speed  of 
6 0  is  gti.ll  aaauaei.  at  well  as  100  characters  par  inch  of  tape,  200  charac¬ 

ter#  f mt  block  of  information  (uiilt  record).  and  l/2  inch  between  blocks  for  start, 
and  gtep  apace.  Then,  tha  Umb  required  to  scorch  the  average  7  1/2  blocks  turn* 
mat  to  be  apprcsElaataly  .300  saccnda.  To  ad  vane  a  just  on*  block  would  require 
about  .01*6  second*.  and  to  advance  12  blocks  would  taka  about  .1*46  seconds.  Assum¬ 
ing  aa  a  rough  approximation  a  Pol  aeon  (random)  distribution  of  tha  numbar  of 
bleaks  to  bt  »•  arched  before  tha  nest  part  number  is  located,  and  an  axpeetad 
value  of  7  1/2  block*,  about  95  pareant  of  the  postings  can  be  wad*  with  a  aaaroh 
of  12  block*  or  la**.  Thu*,  if  the  1000  cards  are  sorted  into  part  number  se¬ 
quence.  and  if  there  is  a  reasonable  distribution  of  part  numbers,  the  tape  *cc**a 
time  ahould  be  in  the  risht  erdar  of  magnitude. 


The  n*e#»*ity  of  anldng  thia  part  number  tort  ixpoaas  'Use  requirement  upon  thr 
■ystss  at  pumhing  the  pertinent  quantity  and  due  date  information  into  each  of  the 
Bill  of  Material  cards  before  they  are  torted  out  of  Bill  of  Material  order.  Ona 
sethed  of  handling  this  is  to  have  a  master  sard  with  this  information  for  each 
assembly  ordered.  The  deck  of  component  parts  cards  representing  or.  assembly  (l.e. 
a  Bill  of  Material  deck)  la  eel  acted  and  fad  through  n  g.®ng  punch.  This  punch 
enters  the  quantities  by  duo  dates  in  each  of  the  omponent  parts  cards  with,  arty 
needed  extensions  laft  for  the  EDW!  to  perform.  The  cards  can  then  be  sorted  out 
of  Bill  of  Material  order  and  into  ascending  sequence  order,  and  still  rotaln  the 
needed  information. 

Tho  reader  may  wonder  why  all  of  this  punched  cord  data  proceaslna  is  done, 
vtwtin  the  tmae  opsrstions  can  be  performed  by  the  EDHM  and  tape  units,  end  without 
*».«  .-•+  -a  iwi  nwwd*  n-r  day.  Tha  answer  is  cost  and  time,  A  gang  painoh  and 
sorter  together  rent  for  about  1.6/  per  admits,  based  on  a  ho  hour  week!  on  the 
smso  basis*  the  HWK  and  wipe  units  could  bo  expoctsd  to  font  for  about  1*0-50/  per 
mlmita.  A  rough  estimate  of  tine  involvod  (based  on  present  day  com  mi  tor  design) 
Indicates  that  it  might  tako  the  ffiHH  s  maximum  of  about  tiO  mi  mi  to  a  (expected 
veluei  20  ulna.)  to  make  the  sort  of  1000  items,  while  tho  punched  card  equip¬ 
ment  would  take  about  20  minuten  to  do  the  same  Job.  due  to  the  high  relative  of- 
fiolency  of  punched  carl  equipment  for  tho  sorting  operation. 


Ancthar  point  to  be  mentioned  is  that  the  tape  sccess  tims  is  largely  inde¬ 
pendent  of  the  aoaiaitlni  of  tho  SK?*,  provided  that  tape  re-dins  -rvi  writing 

do  not  stop  competition.  Thus  it  sight  be  expected  that  the  very  fast  comouters 
would  show  little  or  no  increase  in  overall  speed,  ovor  the  elower  opera  tin.-  drum 


aachinss,  for  this  particular  operation. 
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Users  IM  bMB  wmek  stteeoasicn  in  # lee ironic  ccnpctcr  circle#  of  late  of  the 
•Avan legs*;  of  "random  fteeees  msm£*«-l»#.  *  This  term  tpoliss  to  those  devices  when* 
ttu  volume  o t  dele  cW«d  is  quit#  large  and  access  Hsa  is  essentially  independent 
of  sodreaa.  Os#  such  da  tie#  under  dovslopaant  is  retorted  to  hsvn  a  constant  ae- 
«<l  time  of  about  f  seconds  to  any  one  of  one  million  unit  record*,  of  ?00  ebarac- 
tws  each.  The  value  of  such  a  dovi.ee  for  large  volwie  date  storage  Is  evident, 
la  fast,  ita  use  roar  storing  Route  Sh»et  datn  fnr  ttvi  rif-'ctroric  scheduling  Kmchin 
m  deeoribed  in  [1)»  la  moat  appropriate. 

Far  the  "Postirg  Requirements"  operation*  hemevor,  it  appears  that  maenotic 
type  RTiits  uy  Have  thr  advantage.  as  long  as  the  random  access  ekjaori.es  have  a 
*MM tent  aor.ses  time  of  over/  1  teoordi  seen  though  the  next  desired  address  Is 
adimoent  to  th«  last  <««»  jjroessssi.  Beeausi  o*  ttw  sequential  nature  ot'  the  date* 
and  because  the  aapeeted  length  of  search  is  eo  short,  the  tape  unite  could  pro¬ 
vide  more  efficient  overall  operation. 

Should  a  random  eocesa  Memory  be  ussd  In  this  system,  it  is  likely  that  the 
sorting  operation  would  bo  skipped  entirely!  tba  punching  of  the  requirements  data 
into  cards  would  bo  ellsdneted.  also.  In  this  case,  allowing  2  l/2  seconds  par 
posting  and  assuming  that  the  input  of  Bill  of  Katr.ri&l  data  is  Included  in  this 
tdmov  the  entire  pooling  time  for  1000  entries  would  be  about  i<0  sdnutes.  This 
is  «butt  the  s«*>  time  required  by  the  proposed  system,  uclng  cards.  Mo nrr-wise. 
it  appears  that  the  coat  of  this  o  pern  tiers  undsr  the  proposed  system  would  be 
about  one-half  of  that  of  the  rnndm  access  memory  system. 

One  additional  card  handling  oporrtion,  requiring  the  use  of  s  dolls i-ar.  ooul 
be  used  to  speed  no  the  posting  operation  if  two  taps  units  ere  used.  The  part 
SSSSiwJ*  o.’uld  Do  divided  between  tho  two  t*m  *wi  .>•»  «.  -d^-orsn  basia.  In  tns 
first  sorting  run  on  the  sards  (lessi  significant  dioit  of  the  pert  number),  the 
-  odd  and  even  ambers  could  be  separated,  end  then  the  sorting  continued  on  thn  two 
plica.  Qn*  peas  through  s  Collator  (requiring  i)  to  5>  minutes)  would  than  merge 
these  two  piles  alternately*  so  that  cloak  searching  on  the  face  unite  would  pro¬ 
ceed  in  oa  sltsrnatiRi  fashion.  Bsing  tlm  or.pcctod  value  of  searching  tlna  of 
,>00  *ocanda  (mentioned  above) .  ,§00  seconds  for  competing,  a ni  ,<46  seconds  aach 
for  reading  and  writing  on  tape,  and  .020  seconds  to  select  tho  tape  unit,  trans¬ 
fer  s  block  eddresw  to  the  eatreh  register,  ate,,  it  oan  be  calculated  that  two 
entries  eon  be  poem**!  in  *V*'i  1.37  -e-ersic,  or  ill  1CG0  sr.-c-ios  in  about  12 
Kina  tea.  Howerar.  reading  th»  punched  cards  raquiysg- about  1  1/2  sdocuds  aac& 
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wuing  jcaaant-day  readers,  *  «u  that  it  would  be  thin  operation  that  determined 
tha  Minima  tine  required  for  posting . 

Bk.  Paairable  Machine  'featur««  for  Hut*  Pvcoapslng 

A  suggested  lofioal  design  for  this  TCHd  itself  is  beyond  the  scope  of  this 
paper >  largely  because  the  autjeot  is  so  controverficj  «t  the  jrasent  time.  '’or 
ample,  Machines  bars  been  bull't  ualng  one.  two.  t.ljri »  and  four  au&cas  systems, 
and  each  olein's  superiority  in  time  reso-cts.  In  ,CUJlt4  on.  paouio-iao  end  -four 
address  sys trees  have  been  proposed,  where  the  last  addross  is  used  conditionally, 
in  ease  of  an  overflow;  otherwise,  tho  noxt  soqu6nM.nl  addr-ss  in  memory  is  used, 
as  in  conventional  erm-  and  throo-  address  systems.  3c*us  machines  use  the  B- 
regiatar  philosophy,  vharo  ««mnis  c*n  be  tecdiiieu  tit. -illy,  i»«  end¬ 

ing  of  sub-routines  easier.  THsrr  are  many  variations  of  the  conditional  trans¬ 
fer  sesuiand.  including  the  c caparison  of  absolute  ssenitudes.  algebraic  comparison' 
equality  of  two  numbers,  a  switch  setting,  and  so  on.  All  of  these  wart  nitons 
enter  into  the  logic  of  the  machine  to  such  an  extent,  and  are  influenced  by  the 
particular  application,  that  tho  ohoice  of  a  "«*«ert*,l  purpose"  logical  design  here 
would  be  iapraotieal. 

However,  there  are  scew  machine  features  that  appear  to  b»  quite  desirable 
for  tha  application  being  described  in  this  paper.  These  features  can  be  Mieni- 
xisd  into  the  areas  of  ax‘.err.al  aoaiory,  irachlno  logic,  input-out  out.  and  reliabi¬ 
lity;  features  under  oach  of  these  frees  wt.il  lx?  described. 

A.  Asternal  Memory 

Ir*  the  data  processing  operation  undrr  dispusrien,  the  major  function  of  tha 
machine  ia  to  locate  a  block  of  information  on  the  magnetic  tape,  ro=.0  i.l 
the  machine,  perform  tha  noccss cry  eoroputnti  ona,  and  .ciod  'he  corrected  record 
back  onto  the  tape.  In  designing  a  machiiu  to  perform  tide  operation,  then,  eon- 
sil-.able  thought  should  be  given  to  methods  to  speed  up  these  simple,  repetitive 
stops.  One  area  of  prime  importance  is  that  of  cosmur.l cation  between  the  ’"OPW 
»rd  tho  tape  units, 

l)  Nwafccr  of  tape  anits.  In  tho  system  described  in  flip  «st:  l:,*st  fr»w 
tape  'anltfl  Appo^.r  to  be  r  ©stair  od.  For  possible  eKrsn*ir>ri»  tho  machine 

•Kmild  Hu vo  the  facility  of  ad^iin^  wort*  ifvj  units,  vor  nn  over,  larger 


Surwary  punch  cud  road^X'S »  operating  it  ho  card*  por  minute*  am  Aisuriod. 
itigher  srpesd  photooiactric  card  mad:rs  of  th*  future  should  mater*  -illy  reduce 
the  reading  ti m. 


n  - 


lnst-.'lstiGri,  it  la  likely  that  over  ten  laps  unit.?  would  be  needed-  although  the 
newer  raryic*  access  memories  nay  prove  suitable  here. 

2)  Independent  Hurrah,  two  or  more  tape  units.  As  has  been  mentioned,  the 
use  of  two  tape  units  in  "roarin'/  hequlreiaen+s''  would  nr-teri ell y  spend  up  this 
operation.  To  uce  two  tape  units  efficiently  reouires  that  they  be  able  to  search 
independently  of  whet  else  is  /nine  on  In  the  mnchine-^whlln  a  block  of  Informa¬ 
tion  is  being  processed  from  ona  tapo.  for  instance  the  othT  tap.-  unit  is  seiroh- 
inn  for  the  next  block  to  to  processed,  Tt  is  likely.  In  fret,  that  the  two  units 
would  at  times  bo  searching  pimultenoouslv. 

Also,  it  should  bo  mention'd  that  the  abilitv  of  3-v.r"h5np  for  two  or  more 
seta  of  data  simultaneously  should  bo  considered  oven  for  the  newer  random  cocoas 
memories.  There  w\ii  on  c-oscs  whoso  tho  constant  e.occss  tint'  oi'  one  or  two 
seconds  is  too  long  for  ifficlont  processing.  if  only  one  sot.  of  data  car  be 
acquired  at  one  tine.  It  is  realized.  however,  that  this  requirement  may  greatly 
add  to  tho  onmplardty  oi'  tho  random  accuse  memory  system. 

It  ie  to  be  expected  that,  management,  will  often  call  for  row  retorts.  the 
date  for  which  lies  not  boon  filed  system  tie. -It  y  or.  the  t."po;  It  is  knearr.  that  the 
information  is  on  thu  tapes  hot  r.o+  \-r«v~  •.•‘-rro  on  tb"  topes  it  mlrht.  be.  In  this 
case,  tho  machine  must  anarch  for  the  inforieot  i  on  by  other  then  tho  block  number 
on  thu  tape.  Indopendont  search  by  two  or  rioro  tabu  units  for  informat1  on  stand 
within  thu  block,  rather  than  by  Mock  address,  implies  thu  n*fl  for  each  tapo 
unit  to  have  tho  ability  to  extract  words  from  the  blocks,  compare  with  the  con¬ 
trol  number  in  the  so'rch  r '/later,  and  branch,  depending  upon  tho  outcome  of  this 
cocnpai-i  son.  Some  will  argue  that  those  require, cants  will  greatly  increase  tho 

uoae  A1KJ  «:  vjmj/AvSA  A  U/  k/A  VI 11.  U>U  l»t  3  »  VM**  U  Ik  At  Jib  LHJ  lAVOWi*  1  <J  l  VI  It*  -*U' lit  OO 

do  the  extract »  cwipnm.  ^ryj  branch  op^ra t V ons .  ‘Hiis  us  bac1'  t  >  parching 

by  ct*  tApn  uul !  At  a  ti  r.p  t  of  roursn.  fh :  choi  r.Q  do  pane’s  on  how  of  ton  tnla 
M*n*lyaisH  type  of  operation  (see  pa <50  6)  mu?t  be  p-'rf  am^U  in  tho  particular  firm. 
If  required  ir iquantly,  the:*,  independent  so-rch  b”  iov-3ra]  tr^  "r.i in  can  vrell  be 
considered,  Also. if  thu  quantity  of  record*  to  bo  analyzed  is  l^rgo,  snrrcMnf 
by  one  tape  unit  at  a  tiu.c  may  not.  bo  feasible;  this  "pull.:.®  oven  more  ohronoO y 
to  radian  across  nemorien.  To  analyze  anc-hslf  million  recnrdr,  *t  ?  1/2  roc^r.do 

oaoh?  vonlr*  r^niilrn  About.  3*^0  Hnnr?s  rtf  ''.vhlno  ir»  ritiftn.  for  ijx-ynnlf^ 

i)  Automatic  reac-in  to  cuner.  Another  me^ns  or  speeding  up  tho  comunica- 
tion  1b  to  provide  automatic  ra;  d-1  n  tn  a  buffer  register,  onco  the  desired  unit 
record  ha?  or- up.  found,  Tus  fiatiue  menu?  that  the  i  r  format!  >r.  will  be  sv-llsbl 
to  ihi  machine  at  the  high  internal  speed  whor.  it  is  e-lled  for,  bet  pr~b-'v'lv  wl.I  i 
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rt-'i'Art  a  Miporate  buffer  regifter  for  each  tape  unit.  (Soa*  of  the  faster  promt 
day  Mchirv.i#  use  only  one  buffer  for  all  tape  unite,  because  of  their  high  spend 
«f  'petting  sway*  the  data  into  Internal  memory. )  Tha  usual  saohlna  design  Is  to 
jjrorlde  only  one  bufforj  th'  block  aeareh  operation  s Imply  locatea  the  desired 
Mock  and  dee*  not  read  It  finally.  when  the  Information  1»  desired,  a  "tape 
read*  Instruction  auat  be  given.  whereupon  tlie  block  la  read  Into  the  buffer, 
normally  at  a  speed  note  ,'lally  alowor  than  the  Internal  computing  speed  of  the 
machine. 

i»)  Input  and  output  to  tape  unit  dues  not  Interfere  with  computing,  nbvl- 
oualy.  reading  infon.ntlon  In  to  end  out  of  a  buffer  should  not  ir.Uirfere  with  the 
computing  opsratl on  i  of  the  machine.  because  this  la  the  type  of  operation  that 
will  be  aioat  coame.i  In  dntft  processing,  Many  proouut  unj  csacMnas  ur.i  one  of  the 
ocmputlng  regiatres  se  a  high  speed  Input-output  buffer,  Vor  s*a»pl-(  the  quick 
•COM*  loop  in  •,  magnetic-  drum  machine  or  tho  multiplier-quotient  regia-tor  in  an 
electrostatic  «ib«i  machine  have  bnan  uaod  for  thin  purposo.  v/hilc  such  a  desim 
either  parti  JJLly  or  completely  ties  up  eomouttisg  during  the  lnnut-output  opera¬ 
tion.  thia  ’.lulta.iion  is  not  so  stringent  on  mathematical  nachinaa  where  the  am  own 
at  input-oitput  la  usually  small  compared  to  the  amount  of  informal*  on  being  cro- 
oeaaed  wi  thin  tha  Machine,  In  tho  design  of  tn*  ffW,  however,  the  volume  of 
Input-output  makes  independent  buffora  almost  a  necessity. 

Tape  unit  signals  when  operation  completed.  If  ter  tho  wsirrd  urlt 
rmB»d  hoe  b«en  located  on  tha  tape,  and  road  in  to  tho  input  buffer,  the  TW 
ahrald  bu  notified  that  tha  search  hue  been  completed  on  that  parti ouIrt  tape  unit 
and  the  data  la  *  reliable  for  use,  This  signal  would  also  prohibit  tha  ECffiM  from 

trying  to  obtain  un  saw  nax  ‘  . «„ 

IU-.  jroco"  of  trsn;f-rtmj  to  the  buffer. 

When  the  instruct! n'm  a are  given  to  record  the  modified  requirements  date  back 
on  to  the  tap*,  tha  tapa  unit  can  also  be  given  the  address  of  the  nevt  unit 
record.  It  can  then  proceed  with  the  secret  aa  soon  as  the  roeordii^  has  taken 
place. 

6)  Read  end  write  on  tape  as  subsequent  operations ,  As  can  be  seen  from,  the 
“Foaling  Rsquireasnts*  operation,  the  p«chlne  reads  a  uni  t  recor-1  from  the  tapo. 
proaasMs  It.  and  then  records  tha  new  uidt  record  ir  place  of  the  old  ora.  In 
fact*  It  cen  be  vlaualUsa  that  in  acme  cases  only  a  pa.-l  uc  „  u.d.1  .c^ord  ,icsd 
be  pscocssaod"  (as  in  posting  labor  dicti’ibution  rncorda  on  the  hhop  'Tdor  dtatus 
Upe)  and  it  would  b"  dsairahlu  to  insert  it  twek  into  Its  proper  place  in  the 
unit  rssnrd  without  rewriting  tho  whole  record,  The  methoa  of  taps  rsoerdir- 


should  be  ana  nubia  to  thi*  type  of  operation.  This  feature  is  mentions  <5  bscsmsa 
case  important  jreeent-day  machine*  do  not  provide  it. 

7}  Ability  of  preparing  magnetic  tapes  externally  to  SDMM.  It  is  ••ery 
likely  that  it  will  be  desired  to  trapare  or  use  magnetic  tapss  without  tying  ep 
the  EMI,  Sea*  present  day  computers.  for  axamplt/,  have  asperate  tape  preparation 
unit#  and  output  printer  uni  fa  j  tlda  olXowt  these  lower  speed  operations  to  be 
performed  without  slowing  down  the  computer  itself.  It  follows  that  the  tapes 
themed  v?*  should  be  sssily  re  mbits, 

8)  Ability  to  work  with  Randem  Access  Marjories.  Host  of  the  discussion  on 
asternal  memory  so  far  has  bear  concerned  with  magnetic  tapes.  In  any  me  chins 
built  for  a  wide  commercial  market.  howower,  it  is  Tory  important  for  tho  machine 
to  ba  compatible  with  the  newer  rand  cm  aocssa  mamoriea,  aa  thee*  premia?  to  be 
powerful  building  blocks  for  many  system  designs.  For  one  thing,  six  decimal 
digit*  will  fee  needed  to  dssignft*  tho  address  of  ono  million  reeordn,  and  the 
fiftM  design  should  swat  such  a  requirement. 

B,  Machine  Logic 

1}  Several  special  cossumds.  A*  war  pr-ovi  ouciy  mcr.taonea,  om  common  opera¬ 
tion  will  be  that  of  becking  up  the  tap*  one  fcl«ol:,  or  one  unit  record,  so  that 
the  new  data  can  be  written  in  the  pices  if  the  old.  It  say  bo  desirable*  tosr*- 
fora.  to  inolude  a  ewaaand  to  "back  up  one  block*  in  the  rmycrtoiru  of  eosmandg, 
to  make  this  operation  aa  efficient  as  possible.  In  fact,  it  would  be  possible 
to  oaks  the  operation  automatic,  to  occur  after  ornery  tape  resrfin n,  unloac  an 
inhibiting  signsl  is  prs^asawd  ms  would  ba  the  <•***  in  t'en■^y>^i»,',  operations,  r* 

' - r-'t? :7.zd  -  I.  ....  lumai.  jim  yunr  possioie  solution  to  thi  s 

prot&au  in»ouw  <>*  beskirg  up  tiw  v&pe  end  writing  tho  new  information  in  the 
forward  direction,  simply  run  the  tape  backward  and  road  thn  digits  out  in  ths 
retrarea  rrrd*r-  This  method  is  being  «*«*d  in  at  l?»*t  om  present  day  aomouti ng 
system.  This  solution,  hiwcroy.-  may  present,  difficulties  when  only  a  part  of  * 
unit  r or. era  ig  beiftij  inserted,  plus  the  fact  tlwt  tho  tape  unit  is  loft  standing 
one  block  farther  away  fro*  the  next  deaired  address. 

Another  important  eeawand,  Included  in  some  present  dny  machines,  Is  that  of 
*  equality  sansing,  *  From  the  “Posting  Raqutrsmoni*"  apnlication,  it  can  bo  teen 
that  ono  ccs^Om  funullw  *oulo  be  comparing  part  numbers  from  tbs  card  and  from 
the  tspcu  to  sos  that  they  agree,  Similarly,  the  machine  would  compare  dates  to 
determine  which  month  to  post  the  entry  to,  Tho  machine  most  therefore  be  able 
to  sense  equality  between  two  nesibers.  If  thay  are  the  ?«sis,  css  ccsrw  of  sqtion 


wwM  bs  takers  if  not.  in* tdsr  eourse.  TW«  easaartd  obrloualy  is  on«  fens  of  the 
important  CAndltioful  transfer  type  at  cow  ana.  While  it  oart  bo  progruame d  '■  two 

eeodittofyCV  transfers  of  other  types.  It  Mill  probably  be  used  t r  such  a  (treat 
eartent  that  a  tingle  wuni  wool  A  be  warranted. 

Arwtber  type  of  special  eowsirid  that  sr.culd  hi  rcrssldsred  would  be  that  at 
cart  tag  and/ of  eollatliig.  While  these  f  unc  clone  nay  be  v«*d  leas  In  electronic 
■MltaM  than  la  ounohml  oerd  mecW.nee  {oapsdally  with  tha  adwent  of  random  se¬ 
esaw  — igri i — f  in  a)  it  is  likely  that  they  dll  still  be  used  to  a  large  extent. 

Car'll ng  and  collating  wrs  rileted  operational  indeed,  one  way  nf  -ceonpllOhlng 
see  til 1 1  Is  by  a  collation  operation.  Present  day  Mathematical  machlnee  are  re- 
letiwely  lniffloiant  at  th«M  operatises.  compered  to  punched  card  machines.  In 
n  eownerdel  wwcblina.  the  collation  operation  could  be  built  in.  and  aotixntad  by 
•  ape del  oiMeenfe  in  order  to  la  prow*  the  efficiency  of  the  operation,  fluch  a 
built  In  command  would  imply  aoawt  additional  features  added  to  the  arlthnstlo  unit 
mg  tbs  ssshlRcj  s cas  xerk  slss?  tlsis  Use.  which  csn/iot  U.  tlenaribed  hare,  has 
toecu  oerried  on  bgr  tho  author,  Another  solution,  of  course,  is  to  do  most  of  the 
ecu' bine  and  collating  toy  jwmohed  nerds  when  possible,  sc  is  the  case  in  the  pro- 
peeed  ay  a  tan. 

AocUaar  type  of  conditional  transfer  cfwwr.nd  that  would  t>e  noat  usorut  Might 
be  sailed  the  eeei«*@B  sr  “test  switch*  operction.  For  axar.ple.  ovs.  /  few  seoo~*- 
the  SUft  wvuIm  eUtp  wtwiewr  it  **s  doing  «nd  check  to  soa  if  a  mows  ticket  h*s 
tn.'.  inserted  ir.fe  *£#  In  the  sgecribud  ir.  fl],  If  a  sot*  ticket 

has  tooen  inserted,  its  idpwJ  would  oeoao  the  *DHK  to  switch  over  in  its  program 
te  je'ocsss  the  ibowc  ticket.  If  bo  wows  ticket  Is  in  the  reader,  the  RW(  would 
yg-aeaei  with  whatever  it  wac  doinr.  Ametbar  applicati  on  »«•  nontii-ied  prericuslv. 
wwv  ez  cncssass  w  sac  u  a  Oossirsi  block  has  been  located  toy  the  tsjie  unit, 

!}  tfessS  saj  uluok  leiufths.  0<w  of  tho  ■  ajar  problems  of  an  electronic  tousi- 
MN  machine  will  to*  the  efficient  stwag*  of  date— o,  g.  how  saws*  of  tht  available 
storage  wedisa  can  be  used  for  storing  Infotw.tlem  and  hew  Much  tanst  be  lost  dua 
to  inflexibility  of  the  eystan.  Tn  punched  cards  with  SO  or  ?0  oolmmnc.  for  ex- 
■eyl.e :  the  mma  nuaber  of  c»rde  will  be  usad  it  other  LO  colcams  of  data  are 
reaordec  in  each  or  80  oolosns  of  (Sets— sltheuyto  ens  deck  ft  rsrrts  would  contain 
twice  as  «Meh  data  r.m  tho  othsz’.  Is  snshinas.  it  is  bollcrw!  that  the 

Venation  can  bet  awe  more  serious.  If  a  giwsn  file  of  data  excojds  the  capacity 
wr  um  t?pei,  itm  ta  auoh  inflaxitolll.tyt  it  ie  probably  not  just  a  matter  of  i  no  the) 
peel  of  taps  tout  also  of  o  second  tape  urrit  that  «ost  m  used,  in  ivtvfgif  f>e  tro- 
wide  maehirs  accasa  to  oaoh. 
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iVeWgiii  «f  5  fcj?  it  fc«C.*d.<*rd  Vj  eZ-TT?  7  l“‘  “"ret  t_.a*Mr.  i*<v>i  Cl  IBT  S'CTT’S^- 

:»MU>  “til  5*  tw.'^  ►-•■▼  srvvyad  thin  la  to  pat  tfc  UBBfcrrj  in  The  -  »d 

a».e4*  agfi  tosn  asperate  w«  -bee  ie^  Cry  sears  si  ths  satrsit  o®d»_  T?-.i  e  te 

niS£  act  £  arflcte  ssl“y<«r?  veqMriea  a&U  blon.il  nacidEi  tine.  wbiefc  in  a  paint 
to  iwrihr  afoot  It  !•  a  '.osaorv  sparatioc  that  tha  machine  aut  perfsr»  very 
rftm,  SlxUarly  la  lioot  length*.  If  aarrr  of  the  wilt  reoorila  art  mm  dt  deei- 
w't  rCf-rlta  la  lWfth  (aa  la  the  caaa  with  much  of  the  data  UfV-J  In  Table  I),  hat 
the  WhMji  records  iits  basically  In  blocks  ai.  cay.  vX >  or  >v00  digits.  the  ana 
T •■***- ~*  «•*>*"  a  *) “»ln  fine.  there.  Kill  he  a  TWietT  of 

nit  r“«w-«j  iMftiw. 

hnM  aarC  moUiwi  have  part*  ally  attacked  the  an  problem  by  mens  ad  clar 
knfcw  tharahgr  Maher  lengths  (field*  in  the  card)  can  be  selected  for  different 
bypea  etf  <Mt  the  plant,  meat  ( nsrd)  lengths  Kara  bean  relatively  iaTiart 

Me*  bmsvar.  fbsgust  *Uqr  eetheviatioal  machines.  have  largely  lgecreq  the  procuen* 
slag*  Mtyksaatloei  a^r  issgtha  ierd  to  be  mar#  enlfcim  and  often  approach  tin 
mmAmm  fredala*  or  tne  mao*. 

fstes'c  bifea  wmuhtims  uar  wll  valve  then  proclsa:  trr  the  JisHcAnwe  w* 
of  nlnatla  attrart  tadvtni.  ttoch  aoeld  Weak  ap  the  data  into  proper  field's 
aa  it  Is  being  read  off  of  the  aatpatld  tape,  aad  pet  Into  a* parole  word  move 
Ih  fht  mm  oaf  far  .-eglatar,  to  attract  oode  far  each  type  ef  data  could  be 

oed  stored  witMa  toe  an  Wan  (eapaxable  with  different  plugboard*  on 
Moahaa*  •>«•  MRuai)  3*»S  toe  sr?,; par  ens  called  late  taae  toe®  needed.  Thto  ootid 
grawldo  nptiii—  ovt*  length*  and  'nice*  Isngthe  for  eas-»  type  of  data,  and  the 
““i»  ®f  Mark  storage  epaeea  vtwld  bo  neatly  roduoad.  Wttm  a  an  chine  deatgn 
e  Iprtari.  «?.»  t-sSsstsjsss  lageevs  praauai  of  reliable  inwsiuc.  clrv=iic7/ 

la  =V  vega  vndtr.  sod  Tamils?*  higher  east.  Inda»Cog  odfht  be  ooSnavod  by  a 
^sih~dsl£=  “rig1  ==t  s£=£^i=~  ._--*h  vedt  vaaoi»d  on  tbs  tupc.  whli.h  would  fat 
too  #•**£=  *£“  stay"  sfe-S  i.-rla  .  i.r.tl*7-  ths  ertraob  chd»  tc>  be  u**l. 

3;  sasvrnsl  aoary.  ft  hen  teaa  pwinfoa  oat  pr*nr.®*iy  that  tao  qawor  of 

gl CZZZ-  otw.  in  i.  1 7“ ‘7  ^ ~  i:  c“  asSil  nr.c  'cm 

**  Sa  ““ssW  ifesr.’.  »5^T  f-5*  ipp^ld  rtsj;eoiS  -,0  te  1W3  rar-n-ee.rs-s*'.  ;*tpn  soue. 

it  la  WftiicsJy  thit  Vsry  tn%-  Mb  ■'C-S  wS.*i  twins  ts  i,  s-.-vo-i'  ir—Tnai 
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wtjlrt  he  sto.*-!  *H*a’  .aUv:  ths  urri  •  ;  *.-.vd  ;-'.:K  •->  ‘-•in  be  iran-.f -rr«~, 

frras  fh*  ‘  r.; pu1  buffer  13  1h  ■  arlthr  *■*'.;  unit  ar.l  too *- Wl*V  * ~  *v-~  e-r-o 
buffer*  end  would  thrref.ire  ~eq'u5 r'  ro  Intof' al  nenry  positiona.  In  the  ana J  v  -1 
ef  data.  {.‘■orb  as  th*  solve.-.  of  shop  »r-  ■.  i  .  -dud  schedule  by  d.'pertai  >r.tl  tho 
eccosulatar  totals  for  each  c’.aesiflc.  *•  1  -r  :  d  V-  dr-vloved  i r<  internal  noeonr. 
(Incidentally,  this  if*Jjcrt*r  hsi  rleetr-*nlr  mroh’nes  wo-,>".i  not,  to  so  dependent 
»[»»  '>»  sorting  principle  «s  are  punch.,.--  c  .r<".  iraer.'.rws.  1  It  vo'.'Jd  se-e,  there¬ 
fore.  ih.-:t  lnt-wr-ah  eoeor'  a  *  to  th*.  -rro-r  of  rC0  to  lfOO  words  wo»id  be  adequate 
for  east  applications. 

y)  Art thvetic  ml  1.  Most  pr  sar.t  <•■• /  ma-hln.'-a  have  throe  registers  In  the 
arittwellc  unit,  one  if  wM<-h  (ttu  accuaulitorl  g- non.  to*  vost  of  the  answers 

»ttwa  *> - T..1 . ;  Uw*.  *<,1  n  wern  .-_<«*  snaren  in  order  to  per  fern 

the  operation*  called  tor  In  thu  prerp-am.  In  a  serial  fashion.  to  oortwrotal 
Machines,  it  ir.av  b-  fowv.  doeJr-Mt  >  rroridc  saw-i  ■j  •nal  units  w*  toto  the 
arlthawtic  unit.  For  er  ample,  eultiple  wits  to  per  fore  compare  and  branch  itera¬ 
tions  attght  erectly  rrwed  up  certoln  d»t»  mror-reing  sper-.lio.'.i  of  Uw  Selection* 
type,  by  providing  parallel  operations  on  the  data.  Such  n.cdlflcaUons  to  the  art 
••tic  unit  0-./1  a  d'pctsd,  of  ovor»»,  on  the  type  of  data  oroeosalM  being  c-nsldcrc 

5)  HanrtM.lt ty«  dtie  of  the  mbcssd  methods  of  approaching  to.-  oo«ei»re!*l 
-tts  processing  •achlna  problem  is  ty  the  iso  of  the  *  bull  Hr.?  block*  technique, 
where  spy  gi^r,  installation  woaild  bo.  oonrosed  of  a  selection  or  available  cn- 
ponente  to  *».♦  ;trtlc»l«r  re««« This  U  tU  fi.iiouotoy  ««at.  nas  be»r 
follcaetd  by  the  •aiiiif.etierars  of  pujvd  si  cars  equi  piant,  with  -C  Tto  torabl o  rucosa? 
It  has  a  number  of  advantages.  toi  :ltf  ,, ,  Apandabl  1  *.,**- —  av.*  -  -  -  *  'j 

rsatttimeu»nts  or  dlffeirnt  «*•»  Voi.«s9dr.,  said  roliaMlity  because  noraialiy  the 
te'Odr'uiUT.  of  one  r.eiit  d-ooe  net  .too  th  whol--*  fr/stom.  Mr i  impe-oie*mnnt  because 

th»  rrovnosents  eon  he  ir.priiad  m .*  rwplacec.  i ni  /*  i  ’  ■'  without-  rsqulrlrg  that 
tho  whole  systesi  bo  rbene—l. 

It  should  be  noted  that  ths-re  Is  •  Ml.  of  - -rtv ry  r'.r.ii  this  point. 

*he  other  aajcr  spproatn  to  thi  proMi-*.  *s  to  rco-nd-*  a  f»s*  ger’r»l-purp58C 
Siuhifa.  tl.et.  eeii  ..  r i o si  all  of  tho  fi  nctions  of  dal-  proc-ossle,-,  tincu  a  r. 
ff;"  w*a  1*,  wi  !«.  »  «‘>\er  ■:  eernsrf-.  tho  n, ~«n  to  switched  room 
the  pri  ..inoi  ;iv.  ..f  r.t.u  ■  ,yr<i  of  14  to  to  ir.ith,  r  ns.rv  r-tor-  so..  ' w 
•actiln*  is  need,  * conca.y  should  msnlt  fror  thr  l^vcr  Rinaficturln  it .  nf  ;}jo 

*1  9a  indjr-toJ  lor  this  point  to  Hi.  nsw<d  Keitor-r.  0r  bos- arch  -orpere- 

tl  on. 


st*rdardiz9d  Kashins,  less  repetition  of  eqnt  ment  (.str.rr  son’  of  the  vr  to  of 
each  eooponont  will  h-4  th”  sama).  and  perhaps  ltss  operate*1  costs. 

for  tl*s  par  post  of  this  p’per,  however.  It  will  ho  aso'””-:  thst  th  •  "^sliding 
bliock”  approach  is  tin  o;w  f ollo-sd.  hr.-,-  p-y*  — t  to  consider,  the  a*  is  the  ability 
to  switch  building  blocks  easily.  Tn  pu-vh-rt  card  oqriomrrt,  foe  rtaiplo,  the 
operator  esn  switch  from  one-  collator  to  onothcr  ( should  th;.  first  one  break  dc*m) 
snply  by  changing  plug  boards.  In  an  electronic  raehlnr  idtii  i  stored  program. 

all  pertinent  address  >•  stay  have  t..  be  ehonreo  - ic-lly  that,  th”  now  orlt 

can  take  ov3r  the  functions  cf  th-?  old  one.  Tt  *  a  possible.  of  course,  that  evon 
this  step  right  be  rliJd.natjd  try  simply  throwing  switches  to  connect  the-  new  unit 
in  place  of  the  ole  one. 

C,  Input-O’tput 

Much  has  already  bean  written  about  the  ru.ed  for  Improved  input-output  equip¬ 
ment.  for  th”  commercial  application  rf  .jectrntc  comoutinr  machines.  At  the 
present  time,  the  insertion  of  data  irt'  th  m-rhinos  and  Iho  extraction  of  result 
curutltuto  two  of  the  M.lor  bottlenecks  tn  data  processing  systems.  For  the 
sersrni  comments  aro  ir.  moor  or  this  phase  of  too  r  'ouircr-nts. 

1)  Number  system.  It  soer.c  most  drsimhle  for  th  :  *!OKM  to  acc-'pt  st'ndo,  i 
decimal  Inforr.at' on,  with  no  scale  factoring  cf  th-  mash-rc  required  tv  th  •  >rrrv- 
tor  or  progr  im^r,  similar  to  the  way  present  day  desk  cdculstors  work.  Thorn 
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should  there  by  any  1 1»‘ t.sti  ons  imposed  >>p---r  <  omul  emend  -rr  ntorral 

1TW*nin¥*V  mill  rlnr  t.ha  fir  t  +h»t  im-Wi  %r-.  ;t  i  r-  ■aJ*-.-.  u  -r-i-f. 

the  rnanbor  syot-jm  used  ••i.thin  the  machine  is  not  det  r-'ned  by  these  r'-i-'i  r.-nonts; 
It  might  be  binary,  blrw  ry-cod  ;d  dee's..'1’.  bi-qui  nnry,  or  oth.r.  as  1  in-’  as  it 
meets  the  input-output  -and  ether  user  r  -r1'  r'S  ,’nt.s. 

Similarly,  it  am. era  a<\*t  dosira'-l  .  for  the  rarMn  t~  hardl.:  alph.-botir  in¬ 
formation  on  inout-ouiF-it.  with  no  la  a?  ‘  r.  o-xr.outirp  line  due  t-  rode  conversion, 
or  the  need  for  table  1  ■  >ok-up  of  alpha-nipa.  ria  port  nur^TS,  to  g j t  tvr  machin” 
code  ooulvalsnt.  Since  alpii-.h -td  c  sorting  ard  relist* on  will  K.  nne-  ssarv.  the 
alphabetic  coding  with!  i  . h  -acViii-.  ohowid  lx;  c-nxi  stent  w*  th  tn  •  e  rcoulronants, 

-4  4JI-  .J  J.  11..U--4.  144  4  4a.  V  -  *  IJ  4441.  ..  41  4  11'  1  .-.4.-.  K. .  KT' >  i;CI*in  Kill 

remain  ons  of  the  important  mediums  of  electronic  data  handling  •vstsms  for  some 
time  to  come,  especially  where  much  conr-un.  rat*on  between  the  machine  and  husans 
la  called  for.  They  ere  well  devr-lonedi  r  -llsb]o,  r=:rai-..  and  easily  oxoandable  by 


IV 


the  uas  of  mrm  cards.  Al  so#  the  same  'ml  can  be  road  by  a  hwsr>  o”  by  a  machine 
•nd  thus  prjvtdes  a  good  mediur.  where  both  typse  of  reading  must  +-*v^  place,  *n 
•ample  of  thin  is  the  hove  Tickets  described  in  f ll;  uv*  printing  no  th»m  is  used 
to  saove  the  shop  orders  to  the  right  dtper  treats,  ar.i  ths  punched  holes  are  read 
by  the  Machine  to  ku«st-  the  foop  t'ruer  Sortis  tap  .  up  i ■>  u*t«.  The  Boint  is  contro- 
♦•r riali  however,  in  that  b>»o  bclisvt  'hat  t,v.  rail  c-ffioich-ny  will  be  gained  by 
going  to  slectroritc  storage  almost  completely.  also,  tho  use  of  »  nagnette  card 
hat  been  proposed. 

One  of  ths  important  -jHnHplea  in  automatic  data  handling  is  to  eliffitjate  ss 
many  stanuai  operations  as  practical,  Pre-punched  c  .rds  art  one  method  rsf  doing 
this}  the  use  of  mark -sensing  to  enter  new  infnrmrti:,T»  can  also  be  considered, 

uf  a«i  i  cm  uc  packed  up  even  more  directly,  by  tuning  auprwriat- 
plclf-ttps  at  the  machine  tools  then  sal  win,  end  eloctricolly  transmitting  the  infor¬ 
ms  lion  to  iiva  SD'Sl.  mure  Insostigattor.  along  this  tine  will  be  carried  on  by  the 
Managasent.  Sciences  Pesoareh  Project, 

It  appears  that  regular  typing  oper-tl'-nc  will  be  essential,  at  several  oolnt; 
within  the  firm.  at.  least  for  sor-  time  to  case.  The  use  of  tvrs*vriters  that  nro- 
duo«  e  punched  paper  tape  aa  well  as  the  tvpcd  covy  should  be  ,:,t  useful,  in  that 
the  punched  taps  will  p-ovide  the  inf orsr.t.t en  In  machine  Inn^aagm  si  no  sMi  t.f  onai 
effort.  'Programming'1  or  such  typewriters.  to  punch  only  the  desired  Information 
int-c  the  (»"  ,  is  bair.^  provided  in  bub.-  n  •••i.  sr, -.chines. 

It  is  evident  that  the  input  arri  output  buffer  registers  should  hondlo  the 
■variety  of  word  and  block  lengths  required  bv  the  data,  .ss  h«'i  beer.  discussed 

fca-i.JLuui.iy  Vl  U-.  i  -'.opoCt  LO  XiOC  OXVU,  lift!  "TO)  /, 
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rfosont  day  punched  card  r.  odors,  for  nw,rlu  often  ops.rcir  si  ..uv,-  for  effi¬ 
cient  dst*  fsv. easing,  older  stmarv  •--orchi  s,  which  have  been  used  as  card  render r 
will  road  100  cords  par  mi  nutc  when  op -rating  “f  rre  runninc"  Out  their  speed  is 
roiuced  to  about  i*0  cords  per  minute  wh  ■»;  "si  »cd"  to  another  riser  nt  cqa4  mont. 

At  least  ona  pi  .sent-  day  computer  hat  i'«,  of  s  collator  input,  running  at 

•bout  2i*0  c-rds  per  minute.  It  should  b<  n  t„d  that  the  intuit  ra-dcr  should  be 
under  vhe  contnl  cf  the  computer,  with  intit  infom.ation  being  called  for  -c  a 
cal'd-by-s-'rd  Paris  as  no  •dad.  by  the  corps-,  t„>r.  Powcvur.  in  -11  the  so  ease.;,  an 

v.  purtCoCw  c  a, . ,  > , ia  win.  ...  y  "z  c  ■"  ■. ■  rccocrj  i -  —  - 1  i ov 

that  a  cheaper  higher  speed  davloe  designed  for  *Mj  particular  operr ti  nr.  could  Ik 
— Aa  available. 


3)  Types  Otx  Cw4Vi«it.5.  Three  typ>*  o  1  output*  appear  to  be  of  jri»ary  impor¬ 
tune#  t  printed,  punched  card  or  puns! tad  taoe.  and  direct  visual. 

The  printed  output  cen  be  directly  connected  to  tha  mi»i,  or  >«  “?v  of  punched 
tape,  penofeed  card,  or  magnetic  tape,  tow  stciC  printer:!.  such  a*  aleetvie  type¬ 
writer#  nf  teletypo  unite,  car,  «eot  tot.  f ore.  t  recutrcaar.ta  pi  business  forme  end 
mortii  but  would  eeriously  flow  up  th*  i:*a*ee  if  corrected  directly  to  tbo  3SX9i. 
See  Hijr  speed  printer*  proride  oeiter  Delance  with  crmputing  speed,  but  are  so  far 
tolgai  for  continuous  piper  feed,  rather  than  the  type  of  paper  notion 
called  for  lr.  printing  irrrolees  cr  pay  chocks.  It  appears,  then,  that  tho  printer 
pretwbly  rttould  not  be  connected  directly  to  the  machine. 

flinched  tepos  and/cr  punched  cards  would  provide  a  naans  of  obtain n*  orlnted 
eutpwx  on  a  separate  printer,  for  nijw  spooa  printer*.  magnetic  tape  might  be 
used  in  the  futuro.  also;  fei  today,  tho  punched  card  tabulators  provide  quite  an 
•rrioiant  aeans  of  printing  wary  type?  of  business  foms.  and  tape  controlled  type- 
srltsrs  provide  a  low  cost  form  of  printer. 

il*o.  punched  tape  presides  a  rolatlvnly  cheap.  compact  M»«r>s  for  tho  Ion? 
ten  storage  of  Imfarmatlon.  where  it  way  he  dee' rod  to  reed  it  back  into  tho 
«e-M  ~t  s*  s  futuro  tisc.  CsT.Tsr.tluiiol  psU'ached  o*rdr  can  be  "aid  fer  the  same 
purpose,  but  roqulre  greater  stomp;  apic:-  for  the  sms  mount  of  data;  however, 
a  new  c-ao'ned  «a?d  syata#  recants*  -■’-bounced  wouxu  roquirc  only  about  cne-nalf  the 
veil###  oi  oorvrantional  sl*a  cards. 

One  important  type  of  output,  largely  uno'piorad  so  far.  is  a  direct  control 
panel  share  tho  infomattw.  is  preeonted  in  sesae  grashloel  wanner.  In  the  system 
described  In  [  1] »  far  example*  the  Production  Controller  went*  to  scan  quickly  a 
eu»yn  »#r  v'v»  *i*J  wv«n  pTnctTtir'iio  on  oerisin  criticAi  or  parlntsf 

amwhera  *r#  not  easily  scanned,  bat  a  -pictori-1"  display  is,  whers  relationihipo 
aro  straeaed  rather  than  values.  Since  no  such  control  board  is  vet  known  to  the 
author,  these  PJMM  requirements  ham  net  b;,:r,  c.., mitered  to  any  gi—at  wtont  vet. 

ft  D#3l  -Uii  av 
i>i  nmilmmu.  wj 

Koat  discussions  on  the  a  "Meet  of  electronic  data  handling  srstsvs  for  busi¬ 
ness  agree  that  the  nochine  mj«t  be  highly  reliable — but  oaldor.  is  the  .discussion 
carried  beyond  this  point.  "Raliabdlii.y*  can  include  aovwral  factors,  wnnj  thw#, 
i;  TT$i  Uutwviu.i  v*“»j  (*>*»' bl-  ■  auiomaiic  correction';  or  random  ti’ins- 
misaicr.  errors,  to  a  vary  High  degree  of  probeb.il i*y; 
b)  The  detection  of  computation  orrorsi 

o ;  Satisfactory  opw^c-,t"ic,n  of  tho  uschino  iiirin.  sc!*dulp,!  working 
hours,  over  lor*  periods  of  tiao.  under  normal  envir  omental 
eonditioOs.  K 


fr-m  a  r«»llrt±c  rtAndpoIni*  th**  rtin'iuMlo*  shouH  al»rv  tr*  "plat-1  v* 

reliability  of  t.h*  elv  -rr.nl. o  suchiri-.  vsr -snr.  the  pT“.-,r.r,*  ?yst-‘v  (na-.ual  r.-  punch"^ 
* 

card) J.  :  I:\fortur  a  t^lyr  th*  re^juronsotfl  of  tho  latter  are  seldom  made. 


1  ‘  Detection  of  1  rat  amission  errors.  Several  methods  have  bean  propcaod  ar/i 
tifl%d  fnr  tho  detection  of  transad ssi  errors  art. thin  an  elactrnjric  system,  A 


-  .  J  -  — J  A  .  0  A - 


:uwi  i  ci  i 


through  the  uei  of  rsdtndftncy  in  tho  e~?le ;  vlth  a  3 jiuevh a t  more  roduudsnt  code > 
sons  of  th«  errors  could  eror  bo  nutoKaUeally  r orraci-o-.'.,  fine  nee 'nine  flj'  u»5 a  a 
transfer  weighted  count  to  drtect  possible  multiple  ere  -re  on  the  .*■.<«•  wo.-e,  dujHjy- 
t-*r.nrr) .gion,  And  anothor  technique  ♦  hat  hag  been  used  ts  the  codlif:  of  ip/irma- 


tlons  in  the  "on"  statu. 

J)  Detection  of  c  —  put- ti or.  err  ms.  -r.o  rcthr.d  cf  detecting  ccsimutation 
errore  is  to  porforti  parallel  computations  Lr.  two  ar-tthmotic  units  within  the 
machine,  end  compare  resil ta.  This  method  i.*.  used  by  at  Least  one  major  tope  of 
computer  today.  Anct-he*  notJiod.  requiring  soms.wh.it  less  equipment,  is  tho  use  if 
tho  arithmetic  weighted  count  Ha].  where  the  gime  Arithmetic  ^pcrotl ons  err  ocr- 
forw«d  on  smaller  check  numbers  as  on  the  operands  themselves. 

It  is  believed  th*>i  time  will  be  of  the  essineo  in  Ih-r  use  -f  these  machines- 
so  that  aerial  computations 

in  chi  same  nrithmo iAo  organ  to  chock  answers  would  not  b;  toleritcd  for 
long.  It  should  t»  atr  timed.  also,  that  in  case  of  a  discrepancy  between  tho 
nranrors  lr.  a  "double  chock"  system,  the  correct  answer  is  not  indicated,  but  only 


by  soma  as  a  scheme  for  antcoMt icilly  e-Treetlng  computation  Tr-rs,  Onwovor.  man 
of  tho  omrs  in  transnisslcn  and  cornu1  i.  r  or-  f  tlv  "transient."  or  randan, 
T»riety.  "hay  ara  moot,  nrobably  due  t '  "raisi"  in  thr  w chi  no.  rather  "ban  to  the 
consistent  filluro  of  one  of  ihc  coup. n  r.ts.  To  rd-.r  t'  :  rr-  ~ t  th-o.se  err'-rs.  it 
ia  usually  sufficient  fc>  transmit  th*  ninber  once  '.giir,.  perform  th-  eomputs- 
ti  or  ■  socors5  time.  present  day  marblr-e*  have  the  f li  t.y  built  into  them 

of  automatically  rowci king  «  step  ir.  wh‘ch  on  error  is  detect'd.  This  apo-irs  t*> 
oc  a  vory  valuabl  *  Advaptaga  in  the  vs**  f  *  ho  machine  Other  machines,  which  h -v 

require  oithn  tJ,,t  the  operator  tak.  appropriate  action  t-  so-:  that  the  step  is 
reworked.  or  in  some  Manner  call  previously  progrtmmr.  r'medial  sub-r •utins  into 
opore.td  on. 

T - - - - - - - 

“I  im  indebted  for  his  point,  t  Mr.  W. t,.  “sparks  of  Northrop  tireraft.  r nc; 


"n  +  1  r- 


Aj* •  tl"ifirr  as=ir»hlo  l«»ture.  found  in.  «  sec  present  duv  machj no? .  i- 
tti»t  for  wrfl.*1  ,  At  any  step  f  the  c'.:inut.atl  ir.»  !i"  in  ansv?’-  exceeds  the 
allowable  Unit#  •'f  thu  machine.  thi a  err  r  "'.Mild  be  d, -tented  tn>e.H strly  ard 
the  machine  stopi-ed,  S-sn-  mir.-inio  re-  vte  '  1  f  '■ 1  i  r  ’vert' '-w  is  -  rmcr 
operation;  this  vorsi  u  if  the  "fa’'  :  '  •»  il-  sithy.  varmpri  r.-.l  *1  s  f  r  an  .ut'- 

matlc  teat  and  Jt spring  the  na«Hvi  nrle-  i  th  •  c  x’;r  kn'ws  th.-t  nr.  >v"rflnt  can 
occur  at  ’.ha l  atop  and  has  Instructed  th  "liftin'  whit  t  -  1"  fn  crse  if  in  rer- 
flow.  TM«  test  is  o specially  Inc  rt  o’  wh'-i  var*  able  word  1  np+'- s  nr?  used,  as 
men'.iaired  nu  p*»c  l7.  whore  It  mlmht  he  ~ui»lhV  f.-r  tetr1  s  t-  run  ->yrr  inte  too 
nsat  word.  v"aultlnr  In  -csnlril'.c.s  data. 


In  long  matlianiatsc.il  problems.  e :  mv.’.tit  t  '.r,  **rr’i  -  cell  ft  r,  h»  line -ye -el 
ty  tit  uoc  if  hm:  •.*—  *.  i'.ar.Va:  r, J‘ ;  r  the  r  ’  ' ’ '  -f  r  fO -nil  tr  ire  datormind. 
for  example.  tluiy  unul'1  V ■  so toti toted  beck  int'-  the  equation  to  nee  If  th..-  aqua¬ 


tion  in  satisfied. 


t.  *  - 


ccestnci  such  nr. -nr ’ird  checks  will  bp  rirn  dif¬ 


ficult  to  Incur poi" to.  since  each  niece  f  •' - ti  is  lirc-ly  <  r.  k-r-  indent  f  the  nth.- 
data.  Simple  checks  might  be  used,  such  is  a'Hir.n  lw-  rwiirs.  end  thin  subtract¬ 
ing  cry  -A  them  from  the  sum  ti  sec  if  (V-,  ith  r  cully,  r  Is  cbteiru.d. 

3)  ‘latisfictorr  nperatlcn  mar  lour  periods  -f  time,  7r-w.  the  point  of  vV-w 
of  satisfactory  opor’tior  over  1-n?,  poriias  f  Hj-:o.  n>;  ;'u  vluiblc  expert anes  1; 
oomg  Rained  on  existing  mi  thorn  tic  il  machines.  x  tabulation  of  reported  results/ 
In  g«ner?l.  ..ugnetic  drvm  machires  appear  to  to  me''! pc  the  heat  -v-.-nll  shew¬ 
ing  at  the  p.-osint  t.lr.e>  with  delay  lino  machines  runrin?  a  close  second.  It  is 
hard  to  make  a  valid  comparison.  however.  Veausa  if  the  difference  in  enmnutt ng 
speeds.  In  vo  rv  large  V'-lwic  data  pr  :ci  sing  ape1  ic-'Hors.  the  over ’ll  rsliibiite 

Zl  1'  —  '.  r  “*1  ~u *  *■*'“  1  v“*  ^  •war  +V,An  th.-*'  1“*°  lltV  f'T  * 

3lngl?*  daisy  line  ->r  +-mKp.  *-f*c:-lnn.  Ir  th*  "Vcstin?:  ^eq"lrr?m  -nv." 

^pplisp.tion  doarribed  n  K-.r.  bo 'n  *»  ;1  octnd.  f-*r  r<  i- 

Bons  yf  ^fnnrriVi  rellflbi \\  ty»  ind  b.*»l  *nc  x'.’tw  er,  nn.^+lrcr  *r.A  CKlcrnal  ^c- 

cesa  tino*  In  a  much  larger  Inst  ill -  r.,  \],  :r*  w»'ll  ro  bp.lar.c^d  t 

on«  nf  kh>!  ?+'h®r  nf  r.^chin, r..  "nr  ifXtr.pl-^i  w’lil'*  ~r.  rlftctr tic  3l'r',.?r 


tube  machine  may  coat  ?bout  ton  tirms  ns  nuc^  ”S  •nr'i'r^  +  lr  drxn  m»cMnr-  its 
c-onputlng  apeed  (multifdi ration  time)  Is  rouphly  tlm^s  m-s  f.ns^.  ?put.\;r^ 

nr.chinc" :  nAgncsr.ie  ror^n  f-r  in**jr>-al  ri  r,.-,y  •„v-Vi  r  roir.-:  t,h«-  vi*»_ nt.n  pr 


Roy-crtod  Qatar r  Reliability 

(Satisfactory  cneritior  hours  as  p—  rc-*;it-"(ra  of  tn"al  aval  i  able  hour  s'1 
I  Magnetic  Drum  Mach}  r..as 

A.  turrc-'."h'  -  machine  -  PJ-Rb  percent,  f  .r  ?  t  ■  0  norths;  (?)  an?’  (*>) 
P.  Harvard  Mark  ITT  -  S?  pcrcani.  f or  It  wee’-'S;  (1) 

C.  ERA  1101  -  V  percent  f  -  IW  loin;  ('-) 

II  Elnrhrr.StBtic  Tub;  Machinea 

A.  Whirlwird  (yr  t'!tw»s-lD7l|  Mti)  -  S?  rcr-ant  fay  1  ir-nths  at 
55  hours  per  week;  (1) 

h.  otffiVAC  (rfUl<«ns-102li  bits)  -  66  percent  at  1 K  hou-«  per  -reek;  ( 

C.  XjV3  (Villiona)  -  'J'  percent  at  °0  hours  per  week;  (l' 

D.  SWAC  (WlUi.ama-?^  bits')  -  6?  percent  at  2  shift-  per  day;  (.’.•! 

Ill  Da lay  Line  Machine 

A.  SEAC  -  ?a  percent  for  6  months  at  161)  hour  a  per  week?  (  •) 

B.  tTii'VAC  -  7?-60  narcent  f-r  ?0  cas*mt-r  months  at  1*3  hours  per 
week;  (6) 

Data  R-farences  for  thla  table: 

(1)  CiNR  Digital  lonnutey  Newsletter,  April  l?5l 

(?)  ONP  Digital  hnnr.'.iter  Newsletter.  July  aoCl 

(3)  nun  THMtil  --Minuter  Newsletter,  'teviwr  ivy 

(U)  ONP.  Digital  Panputor  Newsletter,  Anril  19f 

(5)  "Renew  ;.f  *lertrcnic  Dt.ntal  corcuver.  AIR*,  "ebruarv 

(6)  Transactions  >f  the  IRE.  Decor, her  15),? 

fAutF  TT 
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Kxpcrlenre  with  mathematical  machine-.;  ha*  Indicated  that  a  ra-ogrem  of  OTeven~ 
td  vs  maintenance  la  moat.  helpful  In  extending  the  1  origin  af  the  period*  of  eatle- 
faeiory  o  position.  Within  this-  field  of  prsvor.tlve  maintenance,  there  are  two 
aaln  school*  of  thought.  One  j-chool  tesnhs-,  that  tubes  aryl  other  critic*!  compo¬ 
nents  should  be  rsBovwd  periodic  silly,  tsstc-d.  end  results  entered  In  a  lost.  When 
It  la  seen  ihel  a  coiponont  1*  filling  belces  a  certain  ivd-vt  in  performance,  It  is 
replaced.  The  other  »ehml  goes  ander  the  nev-os  of  "Kargin  '  oiling’’.  inis 
Method  ealJs  far  ohe-.ging  sat*  critical  voltages  during  thr.  tee-Urg  u»  machine. 
Cxxpoaents  that  are  on  the  hord»r3ina  of  foiling  under  ncrmal  conditions  will  be 
cauaad  to  fall  when  subjected  vo  these  abnormal  '■oeditiors.  and  can  hi  removed. 

Tha  machine  le  than  eastaed  to  be  ready  for  operation. 

While  there  i«  *a  vnt  nr>  «l*av  ».,s  s^*s-.*s.r  -»  aj-i  lb  suptisir.  wi- 

author’ a  proferancb  la  for  marginal  ohecklnp.  Tt  la  bellavod  that  the  beat  way  to 
t*st  *  o ompMsyst  ic -drier  the  actual  condltluua  in  which  it  is  itupcniod  to  work, 
and  not  In  aoM«  aaoarat*  teat  ur.it,  dhen  crapohonts  rcr.ovsd  f i.-.hiirg.  they 
aro  often  put  hack  in  the  machine  incorrectly;  this  is  most  potieeitA.  in  the  case 
of  orystal  diodes,  Of  o our at ,  auch  wlstekas  should  h*  correctable  with  the  train¬ 
ing  of  maintenance  psr.io-we.l,  In  a  largB  seals  mschino,  tho  lnoorcoretlnn  of 
marginal  cheesing  facilitlca  oan  cause  considerable  additional  exnsrv?)  In  fact, 
lu  theae  siachlnaa  tdierc  a  me  characteristic  la  very  critical,  it  mar  not  he  ;«asi- 
fcle  to  incorporate  this  f<  av.ro.  Vhcre  1 1  ran  bo  used.  though,  it  sh-uld  prove  to 
be  moet  helpful  in  extending  the  amount  ox"  machine  operating  vims. 

Reliable  operation  w.th  magnetic  terra  hes  ryt  yet  been  firmly  established. 

Jn  tlie  poet,  tapes  hare  been  found  to  nave  »  largo  master  '!  oreJo  on  which  inf  or- 
seatxun  did  nor  record  properly.  Whan  road  haelr.  +>— r» t •— » .  inc-rroct  inforsiti  m 
would  b#  obtained,  Fortunately,  the  aanuf octurere  of  nsgrctic  teres  hove  improved 
their  product  greatly,  to  t*.o  point  where  auch  Shots  have  been  l-irgcly  oliminsted. 
Coal pu ter  engineers  ham  developed  methods  for  detecting  tho  r-mairdng  few  auch 
•pots  on  a  tape,  and  avoiding  them. 

The  possibility  of  tape  breakage  will  alsr,  be  greatly  reduced  vH.h  the  advent 
of  a  near  plastic,  called  "Hilar,  ■  as  the  tepr  bass.  Product!  .r  quantities  -.f  this 
nsw  type  of  tape  art  sicpecte:!  in  about  two  years. 

D«St  particles  -f.  the  tapes  aU.11  must  be  consider'd  a  problem,  since  they 
SSSSS  -hi  t«r«  VJ  03  pished  sway  rroct  -he  remtla;  beads,  With  resultant  lose  in 
Inform* tier,.  Dt*\  covers  and  ether  auch  protective  nteaeuran  should  drantly  reduce 
UUs  probis.i,  however.  F.assd  or  the*.  development*,  it  is  the  author’ a  belief  tha 
mmgnetle  tip* a  will  prove  to  be  a  reliable  medium,  of  date,  storage  for  husineea  and 
iruusiry  [51. 


Another  problem  In  reliability  l'  «.V  fort  that,  expensive  electronic  date  *o- 
cetsing  machines  will  be  economically  frajible  mainly  from  their  value  a-!  contral- 
itai  records  d«vie*a — the  consolidation  of  :r->ducH«r.  v^Vol  end  eocourtlnf  record- 
for  eocample.  To  perform  the  oec-:. ■>.-«-?  '’•»*.  *  r- -ralrg  -  .  a  t  jc.  shoring  n"-l  — 
internal  speeds  end  complexity  will  jo  ip.  end  as  these  factors  Increase, 

so  will  the  likelihood  ci  equipment  TeiVa.4  n  -  -.of.ible  solution  to  this  prob- 

....  a  t  a  e  V..  - _  iJ  ....  -  ...il  aw  .-a  #4  Mini  V. 

1<5  Uw  US'S  or  T-H3  DUHOlTlff  DJ.OCA  u  - -  — . . 

breakdowns  esn  be  localised  without  stooping  .-.11  d».t-o  processing. 

I”,  dui  elderetlni.g  of  Machini  "ceturi-g  for  dor;  nt-i  m; 

The  discussion  of  the  1'IH  so  far  h--s  Veen  c-’ncornod  wifi  its  anplies+lon  to 


oaw  p.~(JC  H93  i  In^,  1  '  :w  cia.'JiU  *.o  •**  i-il.  <xi  o  *  it  ;  1.11  |>JU  -111  -i  ill  K'l  ..1.UII1U  u. 

unit  racords.  This  t/p;  of  use  will  arise,  for  instance,  ir.  plants  now  having  a 
large  amount  of  pa-oer  work  in  the  central  of  production.  The  ooerations  will  bo 
routine  in  nature,  such  as  reeo»dir.g  trr  movement  of  a  parts  order  iron  ore  n nota¬ 
tion  to  the  next,  the  rieuin*  of  a  parts  order  into  tho  stock  row.  or  the  dis¬ 
bar  jemont  of  parts  to  an  assembly  order. 

One  of  the  promisin';  applications  f  -r  ulcctnipAc  comnutin®  mseMnos,  h  waver. 
Is  in  the  field  of  decision-raking.  or  an  an  aid  in  drei  si  on-making.  Much  o'  the 
work  or  tho  Manegor.enl  JcV  cnees  Research  Frol  act  is  concerned  with  the  formula  tier 
of  mathematical  models  of  c-.rtoin  nrocuction  oocisi-on  nro'oU-ms.  in  plants  where 
the  "freed on  of  cholco"  in  decisions  is  vr;ai.  In  f  1 1 .  several  models  of  var'lng 
computational  complex"  t  /  arc  prusanted  f.r  tho  loading  and  scheduling  functions. 
The  duster  if  in  TTHM  could  well  consider  the  roouir  rnnonts  th»t  will  be  imrposec  bv 


9  UUIl  nteli.llt-f. 
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obtr.ln  InpTDvod  math-juati.c*1.!  mthods  >f  c^rut^-tlon.  it  is  still  tor  e^rly  tn  dis¬ 
cuss  v^ry  n*ar-y  specific  r^qnircr.r*nts  tfcst  they  will  impose  upor  tho  irD!!M, 

^nc  r.?  them?  tic  a1  rodel.  diseased  ir*  Ml*  has  receiv'd  ennstder  iti-m 

by  seve  ral  pr^up®  trr  ,ug:ioui  the  country,  This  mofi*s\  I  t  cnlled  Miv^r  ri  i^rnrsninp 
(LP) t  -'r  rroT* aiming  invsrdopcnder.t  activities.  It-  was  orisdru-ily  developed  by 
TV.  (V  R;  r-T^tiigs  fr.r  the  solution  of  *'pt  i".um  pr'*«w vs  fnr  th<-;  Air  ^'■Tce, 

Since  thjrii  it  hos  h-jer  npplirid  t  nth'T  pi  bl^ms  by  other  groups;  ror  ex^nple, 
sea  [ 6  j . 

in  r*LJ.  i 'v.  p  i':  joC  c’U'  tiled  v  i-T  ";«rr •si  i  i  -;,o.->r  itrr.CO  to  »-  udi  t*r“»hl-5n 
in  *  prodret"4  on  >r.cj  certitr.  M  .  •TV-ov^rl?*  plrw11  r ..-stri  ct-4  ^ns  hrva  beer,  re¬ 

laxed.  'a;  •*.  •  “t'one-bl1  sized  product-  c-r.  a rp li'-~t‘  nr.,  the  T.h  n>d'.l  -f  vjld  emsist  - 


T  indu  ced 


f-‘r . 


J^hn  W-mrutr-i  *?f  f  -r  ^hir  poln*. 


w  largo  matrix  of  numbers  with  perhaps  several  hundred  rows  and  •  'Uttns.  or  mvm. 
representing  product  rpqu'  rseon'o.  standard  hours  of  production,  tn-rptory  quanti¬ 
ties.  available,  machine  hours,  art  tin*  jv'r'cdv  The  problem  is  t n  daVmlne  the 
Quantities  in  vhich  to  produce  vha  prove  \  ■-  t!i«  time  periods  oerff'ed.  so  as 
i<  maxim  l  so  profit  or  me  it  rurr-  ot’,?~  n..' .  11  -t  such  a«  optimum  us=  of  fart  Miles. 
Dr.  Dentiig,  now  at.  the  fiAWn  Corpor.Hon,  Vs  rev-loped  a  ->  t pro  for  lb-  solution 
of  large  1?  problems.  called  the  " simpler "  beohri-sje  arsl  has  also  etnsi-i.-r-jd 

computing  machine  fispocts  for  such  protl  ms 


^During  an  informal  11  so  vs  si  on  with  hr.  hantr*  v.  h-  stated  that  as  *  ro-  »h  rule  if 
tmaab.  in  Un>  worst  C-SOO  •'-  pr  '  .tr  - -  m-Oi  d  .  n  l  -  e  -,n  internal  machine  m  smorv  wl  h 
tan.ee  ea  many  woida  o.jvity  is  th-rc  or1'  <vy-»*l  sr.s  In  the  or  oil  a- .  Present  pro- 
growing  calls  for  providing  for  two  voo 1  nr  3  »t  one  *i*i  in  the  -.s-.ory.  holding  os 
fixed  while  developing  tlm  other.  n*h  -?r  v»rt nr*  , ...  ,-jllod  In  from.  ea'.-rosl  nanny 
•3  needed. 

hlso.  to  ostimato  ccr.qwtstinn  iimoi  hr.  R-nttig  f-  It  *h’t  the  lumber  of  multi¬ 
plications.  a  ,  would  most  lihely  fall  between  the  limltsi 

K«?nT  '  x  <  '<ra?nT  ' 

where  K  *  so  integer  in  hhs  range  of  i  ro  u  .  inti -a  Mr.,  th-  d oarer  of  shill 
in  programming  and  coding  thi  problem,  etc,. 

■  *  number  of  equations  (r-mij  in  roirl’O. 

n  «  number  of  items  (columns  in  natrlxl. 

T  -  mmber  of  tin---  :x.ri ->ds. 


las  an  example.  os roiij  ...  pvott~r*.  vVrc  r.  •  ?£'h.  n  •.  hOO.  T  *  M  in  th .  best 
esse.  let.  «  *  1  and  in  the  worst-  case  1st  Y  *  ,  The  number  of  multiplica¬ 

tions  then  would  mo3t  likely  lie  between  Q'l.'/h’wxi  ano 

multiplication  time  is  ;;  good  estimate  M  total  --mpula ticu  1  If- : ,  the  fir,.:  re¬ 
quired  for  two  of  the  more  ccmson  types  ->1  prr-ert  day  electronic  r..--out era  w-uld 
be.  under  prosofrt  mschln.’  duslges  o.rvl  coding  meihodsi 


f.v.bo.  Muits/seo 

-St.  rT0b\ 

p?"  Tin-s 

urs.  ftnin^ 

Hi  s  (flwl 

hagnt.tic  drur.  s-achlnc 

120 

?1^ 

7^0 

Slectrostatic  tube  r,r-/. 

iso  2'  V 

13 

Thus  while  COTputaiicn  lime  ■-  rr,  Il-:o *.r  ot-*ic  t'-.V  machine  rl.M  bo  of  o  r.ason- 
rblc  order  of  f- todi  it  tr.c  v  Z'  -  -  as  -  .v  w. ,  V  la  hr-ai  r.'-l  ?  rr.  reduce  c 

putln®  tine,  especially  »Vr  mesne  tic  drum  machino  '■p.ltc'ti  'V. ) 

Dr.  Dsn  trig  that  it  was  lii.-cly  that  cnnnutlng  time  cnnld  and  woV^ 

be  roducon  materially  helow  the  marlmum  rl  v -n  -h>--e. 


The  solution  of  1?  problems  on  *  WIVAC  computer  has  bean  accomplished  by  the 
U.  $.  Air  Fores.  unde*  Prnieet  RCdOF.  flssed  on  this  inflVAC  exnerienea.  the  Air 
Force  ia  ocnaidering  machine  requirement)!  for  »  computer  eatable  of  li-nelina  larger 
Li  prcblltn#,  Seme  rf  trie  work  1*  being  ca-ilod  on  An  conjunction  utth  tbs  cl.se- 
taroftie  computer  devulopmeit  group  *1  the  Mai5onal  bureau  of  Rteniards, 

In  addition  to  the  1  jading  problem,  a  restricted  sehe'iulinc  model  was  die- 
— see  t  in  til.  Thle  mode  provides  a  we'hod  of  spatomatl  rally  improving  a  schedule 
by  an  iterative  procedure  through,  the  use  of  priority  numbers  arid  penalty  c o.o- 
stanta.  It  has  not  yet  bean  dotermined  how  much  of  the  problem,  would  bn  handled 
on  the  Electronic  Scheduling  Machine  and  how  much  on  tho  *TW1  This  Is  an  area 
that  ia  being  ivestlgated  further  under  the  Management  Scionocs  Research  ipoleot.. 
Since  the  aeclsion-s eking  isocioia  uitsu  it*  not  too  clearly  in  mir'd  yet,  n 
practical  approach  appvarr  to  bo  to  no  present,  day  machine  capabi li tie s  V'  tl'.etr 
limit.  Instead  of  waiting  for  the  optimise  machine. 

T,  Future  fapactatloia 

Tho  MDtW,  aa  dl trussed  so  far  in  this  pap'r.  beers  a  great  resemblance  to 
present  day  matnsr— tteal  mschinao.-  in  its  construction  and  logic.  This  has  been 
dona  purposely  because  it  la  oeiiaven  ih-il  th*>  firet  commercial  machines  will 
follow  thia  approach,  for  reasons  of  economy  and  reliability.  At  the  same  time, 
much  advanced  thinking  le  being  carried  ~n  throughout  the  country,  on  improved 
daeirna  for  computers.  Such  livarktss  will  undoubtedly  affect  the  development  of 
SDWt' S.  Tt.  is  desired,  t’txaforc.  to  mention  a  f»w  of  theee  proposed  Improvw-nis 
(soma  almost  of  a  jelencu  Motion  rialcu  ;  and  their  lik.-ly  lnpeet  on  mHM  design. 

1)  Central  Records  ".achin".  The  trerd  m  thi oklng  in  the  electronic  data 
processing  field  is  in  th'  ddroction  of  a  cent'-l  records  machine,  that  handles 
ail  of  thu  paper  work  of  5  firm,  as  oppo'.'.-f  to  *  rr ‘•duett -mi  control  machine,  ac¬ 
counting  machlrm.  etc.  Contrail I* tl on  has  many  apparent  adventagoSj  especially 
freto  the  fact  that  decisions  can  be  baaed  -on  the  "picture  as  a  whole"  rather  than 
on  Juat  pari  of  the  picture.  The  use  of  suet.  r  ce chine  iapllea  several  needed 
du  rulopmante .  hewnve.vi 

a)  Highor  speed,  .il.oee  the  machlr-  will  bo  time— 'hvod  between  *11  dspart- 
nanta  of  a  plant  or*  *  firm,  higher  *d  ■  '  -peretton  ill  be  needed;  Internal 
aceasa  tin*  of  present  day  dr'»  machines  is.  on  tho  average,  about  1  milliseconds! 
for  delay  tlna  raofcinue.  fuuui  V7O  microseconds;  and  for  electrostatic  tube  machlnr 
In  the  order  of  ?  to  20  microseconds.  ijev’l-pment.e  in  magnetic,  cores  and  fervo- 
•loctrlo  sheet#  shew  uromiso  of  tccesc  tines  ih  the  order  of  one- tenth  of  a 


«rier<M«me<v!d  would  imply  so  external  r»ad-ln  time  for  sequential  recede  1  n  t** 
srisr  of  1  millisecond  per  e ample te  unit  r«eord. 

b)  Equivalent  of  many  intei-naliy  stored  programs.  Th»  machine  will  probsbt 
ob  intarregatsd  at  random  tiries  tl.  oucho-jt  vn-yi.rg  day  hr  the  various  depart¬ 
ment!.  U  soon  ae  a  circuit  i»  set  „o  fcr*v-r .r.  *re  machine  and  th  flenerimcnt.  the 
■eehlive  euet  docile  which  of  its  profits  It  must  ufl’  to  wrccesa  the  particular 
type  of  data  involved.  llevolopnenta  in  setf-progre'yii  ng  techniques  nay  be  helpful 
hare*  where  the  machine  follows  a  systematic  analysis  of  the  data  until  it  deter¬ 
mines  which  program  is  required.* 

e)  Interpr  ting  human  questions.  Him* ns  in  the  plant  win  «"ouesti citsblv 
ask  the  machine  for  certain  data  throughout  the  day.  tome  havo  cugeeated  a  "dial¬ 
ing"  aystam  similar  to  telephone*  for  this  application.  In  order  to  svoid  the 
nsssssity  of  coding  *11  questions  in  numerical  form,  a  limited  vocabulary  "jce.v- 
hoarda  m*y  k«  do  sired,  which  would  give  the  humane  lej„  difficulty  in.  phrasing 


their  question*. 

d)  Automatic  reading  of  paper  records.  When  customer  orders  are  received, 

for  example,  it  would  be  desirable  to  read  than  directly  Into  the  machine-  for  pro¬ 
cessing.  Pevelopucnts  are  undor  way  on  devices  which  car  road  standard  form 
decimal  naabera  from  n  printed  page,  directly  into  olcctrlcsl  signal*,  '?irw;e  cus¬ 
tomer  order  forma  are  of  various  sixes  *nd  shapes,  a  stoncil  overlay  right  be  pre¬ 
pared  for  c*c>.  sustwsor,  with  sane  thing  like  a  color  colt  to  toll  the  machine  wTiat 
piece  of  information  is  vher*.  And  the  machine  would  become  oven  more  complex 
when  it  had  to  know  the  equivalence  of  date*  written  »«  ri»-n  3,  .-.r-i  "L/'/ofl 

flrat  step*  toward  automatic  -m-M-.j  h-.-.r.  ‘.r.  t<\o  form  of  marie  sonaing  on 

punched  cards,  and  position  sensing  on  census  enumerator  data  sheets,  1 9\ 

e)  Random  see  css  asaories.  lYes«i.t  trends  in  the  development  of  largo 
scale  random  access  mr-rrr  *y*tnm*  <n™.>r  to  bo  in  th~  dir octi.-.r  of  -  single  read- 
write  head  unit  that  is  mevod  to  the  rw  of  the  memory  seed  fled  in  tho  program. 


Access  time  is  in  the  order  of  1  to  2  seconds.  As  has  been  discussed  previously, 
such  characteristic  certainly  are  not  optlmimi,  from  a  dots  processing  point  of 
view,  but  thoy  reprssont  a  Mg  improvement  ovrr  rand.v,  access  froc  msp-ra  tic  tapes. 


^Mention  should  be  made  of  Claude  Shannon's  mech-.rdcal  ■*  ,  dev.’loped  at  the 
Boll  Telephone  Laboratories.  The  "rouse*  follows  a  systematic  procedure  in  solv¬ 
ing  c  mane,  remmsbering  correct  paths,  nr,  subsequent  trial s,  s.s  scon  as  it  comes 
across  and  recognises  the  correct  pat..,  it  then  follows  this  path  directly  to  the 

"ch*»*ct  * 


It  may  be  so«e  tins  'oei!(  re  a  decidedly  differ  art.  ay-proac-h  to  tho  oro.'l  nr»  arrears, 
to  reduce  access  tim«?  tc  any  of  several  million  r°eords  below  1/2  second  and  to 
profid*:’  for  Independent,  search  by  two  or  rp*d-wJi  ta  head  units. 

Thrwe  *aln  searchi**!,  ^chr-  2  (  wr.r  t-.  *■:  i:r»*v»ing  the  sensing  unit  fixod  %w? 

Moving  the  storage  modi urn  (ar  ir  mrrr*  t  •„**  f  v~ ,  drurs.  and  fundament* lly  in  aeons- 
tin  delay  lines),  keeping  the  storagj  mo.cj  _jr.  rnl.vvi  r  Iv  fi~:d  3r.d  moving  the  sens¬ 
ing  unit  (as  in  two  known  randan  access  naver*''  svstin.5  ar.H  in  rlorirrsi* He  storsgr 
tube  ft)  pnr!  having  a  lsl  relationship  between  sensing  un:t5  an!  ?tnrc.<*''  rositionc 
with  sms  form  of  switch4 rg  arrangement  ^o  obtain  selection  (*s  In  rngn*  tit.  core 
memcxics).  For  very  large  volume  m««ori  *3.  the  third  T.^thod  looks  prehird  tively 
exoenalvb  using  storage  devices  as  i  L  **.-«;/.  ‘Hnrayy  ot  th-  ctertio  1  ^vcl  has 
been  discussed,  and  a  tyve  of  sensing  sl^il.ir  tc  electrostatic  tube  vn.^ir®  or 
•von  magnetic  cora-t>p*.  sensing  nwy  chan?o  t.h«j  rordon  agrees  memory  picture  Quite 
radically* 

2)  Machine  Construe t-i nr.  and  Logic 

a)  Reduction  oi  slao  and  power.  A  central  record  -.achino  fir  a  large  plan 
could  become  a  sltenble  machine  roquiriny  ?.  larg';  amount  r>*  electrical  Power  and 
giving  off  considerable  heat,  using  prss-nt  dav  construction  technique  a.  ^nr- 
promising  solution  to  this  problcn  appears  to  be  *h.-  ti  irsist or.  vMch  Is  r-.Tddly 
being  improved  to  *he  poiit  wh^rc  it  can  be  co^sldcr-.-d  for  such  irpli c*\H  ons.  m 
tho  wist  dlscu^^od  In  the  present  paper,  however  *  r.o  great  advantage  'f  tr«ni»l'»t^r 
jjfw  t.uhAS  l*  re&dllv  apparent, 

b)  Rollability.  When  one  part  of  trio  human  brain  \r.  uc*n*££d.  its  ''unction 
can  of4*"  b<t.  rv*nr  f  ♦>.  *  poaaible  1  >8s  in  effiexonev^  hv  another  oroa  of 

m j  orftiii.  w>uvjii  a  pmi,ou4i’j  -‘'‘j  a. *.  v. ^  ccr-51  dcroc  -  or  tco  ^rTrr  -  .  ..  .  --  - 

of  the  future.  The  use  of  pai-all  al- type  components.  erch  Vtvir.s  *1  ?  avr  functions 
to  perform  but  capable  of  h andlirg  other  functions  i,i  wO.l.  d  .,--a  rot  =r~~o  ur.- 


reasoriAule. 

Closely  associated  vlth  this  fester  is  thst  of  soif-chockir.p,.  A"  Ins  boon 
mentioned.  transmission  ever  parallel  paths  is  one  oethoc  of  improving  reliability 
Talks  by  nerve-nct  tnoor) sts  point  out  that  information  tn  ‘ h“  human  hr  in  acnears 
to  te  transmitted  ovor  p'rallel  paths, 

c's  sor-^n  merle  lnfotration  r?or-.anntat"  on,  Tt  has  »loo  been  painted  out, 
by  nerve-net  ,..., arists  that  inforantiori  probably  is  not.  stored  in  the  haven  brain 
in  the  form  of  decimal  o  binary  raanbern  ]  sac  lb].  To  make  tV  irf ormaHor.  in  the 
computers  lee?  susceptible  to  hois..:,  non  Tv.'  r  i  r  r--  nr  -  ort  a  1 1  '■?  ei<  th-da  mav  ol.ay 
an  important  part. 


<0  Wife  speed  prlrJar*.  Closer  to  precis.;  *1  application.  perhaps,  are 
MIS  of  ih->  dewlo|»erts  in  Men  -jpeed  pi-irtt  ;ig.  On*  mcjor  teehrdqo».  calls! 
f«TOir,»F*sy,  has  th*  computer  record  the  pr . n tod  lr.fomstlon  on  t  magneticaMy 
MfMdtlMd  pl»t*»,  Kegnetle  ink  i*  apraved  iha  plat*  and  adheres  to  the  eagne- 
ttbo  *re«s|  after  *  firing  treatment.  r>-f  -la*»  '  e  need  In  nomal  prlntlrr  fashia' 
to  mi  off  multiple  copies  fill.  TTw  question  of  whether  such  uni  tipis  copies  will 
b*  (Mvoepted  at  legal  nquivalenta  o?  CA;'jon  eopdos  has  not  yet  baen  settled,  to  the 
cathor-  a  knotledg*. 

a)  Cerd-to-tepc  converters.  A3.S o  closer  to  practical  application  is  the 
development  of  high  speed  punched  card- to-magne  ecu  caps  converters.  Tils  type  of 
device  probably  will  bo  most  important  during  the  transition  phase  in  electronic 
4sta  sa’oeoseing.  Other  developments,  such  as  automatic  readers  and/cr  mnsnotie 
sards,  feajr  reader  the  punched  card  inrgsly  obsolete  m  time. 

TI.  nowary 

In  brief,  present  day  mathematical  sechinee  Ar.ry,»r  not  too  wpl i  suited  for 
offlo'tnv  date  prowoviirtj  operations,  but  shoulu  do  w.*31  on  'a#clili.irv«kiii( 
calculations. 

Date  processing  requires  good  <  -imnjrdc  tlon  between  the  "tlHM  and  ths  external 
memory  units,  Computing  upend  should  be  *#11  balanced  with  external  eccoas  tine, 
and  It  *ppea-«  the*  sryncti.-  taps  route  will  be  very  competitive  with  the  newer 
render  eoeesj  memories  in  tae  applications.  No  gc  rural  rule-of-thumh  cers  be  eive 
•asn  lira  world  have  to  mrv'lya*  its  own  operations  and  see  what  choice  of  writs 

f-  if;  r**+A<» 

This  earns  typo  of  analysis  is  undoubtedly  beinv  carried  on  by  ocaeputer  swtmj- 
fscturrrs  Who  arc  interacted  in  entering  the  ccessrci=l  KarW,-t.  It  is  hoped  that 
the  reporting  of  thi*  production  control  application  will  bo  of  value  to  them  in 
choosing  thuir  mrcnlne  characteristics.  Perhaps  evon  more  Important,  however.  Is 
the  possibility  that  it  will  be  of  value  to  potential  users  of  oquitnent.  The*/  ar 
the  ones  who  arc  ultimsb.iy  lespofiiiolf-  for  analysing  their  requirements  and  f/xat— 
int  thwi  if  i  •  larking**  omrsit  ar  die  7,'L  ZfJ?.  T  3  C  ■’\r.  UTICJ 

Thua#  thi  a  p«por  doeo  not  pretend  to  give  a  final  or  conflete  an.w-jr  t r  5DHM 
teslgns  It  has  atWapted  to  point  out  8a?.e  of  trie  funrianentrl  rol&tl  onshira  and 
Indicate  ooasibl#  solutions  frow  o  research  point  ol  view.  Conalderebiv  wore  wort 
will  te  needed  in  de tennl ni ng  specifications  fr  v*y  induetrl  il  installation. 
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